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PREFACE. 


As tlio aim of the Year-Book of Science was fully stated in 
the preface to the former volume, this need not he repeated 
on the present occasion. The second volume, on tlie whole, 
follows the same general plan as that for 1891, and ol>8erve.^ 
the same limitations of the suhject.s, hut the area covered h\ 
some of these ha.s heen extended so far as could he done with- 
out a considerable iiiereasc* in the nurnher of pages. For 
instance, the present issue contains some notes on matters of 
geographical and anthropological inter(*st, ami attempts a more 
complete treatment of the subject of Zoology. It is hoped that, 
if the su[)port acconled to the Year-Book of Science justify' 
tlie Pul>lish(*re in a further enlargement, the.se subjects may 
he more fully treated, and otJier c*xten.sions made possible, in 
the volume for 1S93. 

The earlier date of publication will add, it is trusted, to 
the usefulness t>f the work. The i.ssue last year w’as retarded 
by accidental circumstances to which the E liter then referred 
These have not been absent on the present occasion so com 
pletely as he hiul ventured to hoj>e. But the delay thus caused 
has been sffglit, owing to the kindness of friends who have 
uiven help in time of lu^d, and among whom lie has to thank 
e.s|H*cially Mes6i*s. F. A. Bather, T. T. (inv>m, H. I. Pocock, and 
B. Lydekkor. 

Jt is lio|>ed that the n^fei'ences in this volume will be 
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found to be sufficiently precise. In a few cases, however, 
the pai^e is onutt(‘d. I'his occurs when the notice had been 
wi'itten from a separate copy, ind(‘j)endently paged, and a 
reference to the original source would have materially delayt^d 
the proofs. It is, however, believed that these oinissions an* 
few probably not more than a dozen. 

T. G. IlON^EY. 
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A REYIEW OF /.yrvJ. 


PHYSICS. 

(;i:ni:iial physics. 

II. IL HOFFERT, D.Sr.. Assoc. R.S.M. 

TIh‘ Britiftli Ai^^^oriation meetini^ at E€linbur|;li. 

Ill giving an account of the chief contributions which have 
been made to physical science during the year 1802, it .seeiii*^ 
fitting that n^fereiico should be madt* in the first i)Iac“ to the 
general i>roceedings of the physical science section of the 
AsHociatitnij at its nnaaing in Edinburgh. Summaries of some 
of the mort‘ iinj)oitant paj)t»rs read in this section are given in 
their appropriate places. 

A. Schuster, in his presidential address to Section A, discussed 
the question liow to render the advance of scientific knowledge 
more swift and sure, and illusti-ated his subject by references to 
some interesting points ndating to modern electrical theories and 
to cosmical physics. 

One of th(‘ most important parts of the work done at the 
British Association meeting wj\s the holding of a conference for 
the final setthunent of the dimensions of the electiical standards. 
The result of this eonfertuice was the adoption of a set of resolu- 
tions, which it is to be hoped may become univei-sally accepted, 
and which thus settle, once and ft>r alb the international 

values of the standards. Prof. Helmholtz aiul M. Guilleaume 
were present, and took an active part in the framing of the 
I'esoliitious ; there seems some hoj>e, therefoi*e, that this may be 
the cas<* as far as the Continent is concerne<l, and it is probable 
that America will accept the resolutions also. An account of 
tho resolutions will Ih^ found in the section of Electricity {\\ 02), 

A discussion was also held on the proposals of tin* past- 

u 
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president, 0. J. Lodge, for the. estahlishnieni of a National Physical 
Laboratory, but it did not lead to any very tangible results. 

The evening discourse at the British Association meeting was 
delivered by C. V. Boys, on the subject of the instantaneous photo- 
graphy of projectiles in flight. Apart from the practical inij>ort- 
ance of Pi'of. Boys* expeiiments to the science of gunnery, they 
have also a high intei-est from tlie point of view of pure science. 
Thus, in order to be enabled to take photographs of a nuigazim*- 
rifle bullet at its highest speed with the necessiiry sharpness, 
Prot Boys was led to investigate the variations in the 
luminosity and instantaneity of electric spark discharges under 
varying conditions, and has arrived at most int(‘resting results. 
The electric spark ivoin a I^'vden jar in an ordinary circuit has a 
duiution which i.s far too h»ng for the' purpose, on account of tin? 
too gi*eat .self induction of tl.<* <*ircuit ; hut hy employing a flat 
condensing pane, tlie eoatin;:s af whieh are joined hy short hroad 
strips of copjK'r, there is snifieient capacity to gi\e a 1 night spark, 
which is at the same t im* «»f v(‘rv .short duration. 'Die jitteinpts 
to use, at the spark-gap, terminals of a \olatil(' nu'tal such as 
aluminium or magmsium, for the purpose of inereasing the 
briiliaiicY of the spark, were iendere<l futile hy the faet that the 
duration of the spark was thert*hy also jnolonged. The l>t*st 
results were ohtaire<l with copper terminals. The greater 
portion of the light of the spark eomes from its two ends. A 
long spark is therefore not advantageou.N as it do(*s not im n ase 
the intensity, while it gives two .separate soiire(*s of liglit. Prof. 
Boys has found that wlien a short spark gap is employed, tin* 
intensity is greatly inenased hy inrluding in the jar cirenit 
another smaller spaik-gap. This i.s prohahly ht‘ean.‘‘e the jar 
can be rai.sicl to a higlier potential, s«) tliat a lamer ipiantity 
electricity passes over in the diveharge. By means sueli as 
these a spark of sufliti^nt brightness can he jjroduccd, the <lura- 
tion of which is endy a twenty-five-inillionth of a second or less. 
To photograph the flying bullet, it is made to pass in front of the 
photographic plate at a distance of a few inches. At the moment 
of passing the plate the bullet completes an auxiliary electric 
circuit by joining two lead wires electrically togc^liier. By this 
means it precipitates the s|»nrk whieh inakc'S the photograph hy 
causing a small spark to oec-nr in the .scTond gap in the jar 
circuit The main spark is at a distan<*e of a few' IVet from thi' 
plate, on to which it casts a shadow of the [u-ojectih'. As there 
are no glass lenses or other absorbing mediii interposinl Is'twec ii 
the spark and the plate, the full actinic* power of the spaik is 
axert^ on the plate, and a well-exposi^d photogra[»h is obtained, 
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which, unlike those obtained by Mach and Salcher, has the 
advantage of being of full size or a little larger. In the photo- 
graphs shown by Prof. Boys, the shadow of a niagazine-nfle 
bullet is perfectly sharply detined, although the i)rojectile was 
travelling witli a speed of 2,000 feet a second or more. Behind 
the jirojectile its track is shown on the plate by an appearance 
recalling the eddies left in the wake of a l>oat moving through 
still water; but a still more interesting fe^ature is shown in the 
shadows of the air-waves occasioned by the motion of the projec- 
tile. These appear as straight lines, with dark anterior and light 
posterior border, which leave the front and back of the projectile 
at an angle to its path the sine of which is equal to the ratio of 
the velocity of sound to that of the projectile. The two back 
lines recall the weaves produced in still water by the passage of 
a boat the stern of which terminates abruptly. The front lines 
form part of a hyperbolic curve wdiich passes round in front of 
the projectile at a small distance ahead of it. here these lines 
in the photographs obliquely meet the sha/lows of thin copjjer 
plates [)laced close* by, they are seen to be reflected, and in the 
act of reflection the light posterior and dark anterior bordeis 
become reversed. When, however, the weaves are incident nearlv 
perpendicularly they d<i not und€*rgo reflection. At the edge of a 
reflecting surface of limited ext<*nt a curious eflhet is serii. The 
wave cut by the eilge divides into two pait-s, one of which con- 
tinues to pass on beyond the obstacle w’bilst the other is reflected, 
and bidwcen the two fret* ends of the waves are seen to curve 
backw'ard tow'ards the edge of the ri*flecting surface. The 
systematic study of waves protluced in this way, and their 
behaviour to various forms of reflecting surfaces, may apparently 
lead to very important results in connection with the similar 
behaviour of waves of light, and may, therefore, prove a valuable 
aid in the study of tliflractiun. Prof. lh.»ys also showed j>hoto- 
graphs illustrating tin* various stages in the passage of a rifle 
bullet through a sheet of glass. In addition to the weaves above 
desci ibed, there are show n in these photographs a series of waves 
very slightly inclined to the glass plate and symmetrical to it. 
These wave^ are caused by the shiver of the jilate due to the 
impact, and the sine of their iiulination to the plate gives the 
ratio of the velocity of pixjpagatiou of transverse waves in the 
glass i>!ate to the velocity of sound. They are seen on chise 
examination to i>e alternately light and dark on the border 
turned towaixls the plate, corre5|H>iHling to tiie motion of the 
plate forwards and backw^ards in its vibration. Those behind 
tbe plate are exactly the inverse of .those in front. 

B 2 
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Air resistiiiior to the motion of fallinir bodies. 

L. CMlletet and E. Ck)lard6aii liave carried out a sei'ies of ex- 
periments at the Eiflel Tower on the resistance of the air to tlie 
motion of bodies through it. In order to determine the i>ositioii 
in sjmce at any moment of a body falling freely in air, they attach 
the body to the exti'emity of a very fine ami light thread, which 
follows it in its movements without opposing inoi'e than a very 
feeble rt\sistanee to its morion. The thread is divided into sections 
20 metn*s long, each of which is wrappinl rotuid a cone of wood, 
fixed vertically with the n]H‘X downward. On account of their 
conical form these cones, although immovabit*, allow the threa<l 
to unwind without any sensible amount <)f friction. WIkmi eacJi 
section is unwound, the thn*ad l>reaksan idectric conbict, and thus 
moves the style of a ( hronograph in which an <‘Iectrically main- 
tained tuning fork records the time with an approximation of 
about a hundredth of a sc'oond. The instants at whirh the body 
has travei‘se<l 10, tiO, rtc., mo‘n‘s of its fall are thus reeonhal. 
The resistance otlere<l by tlu' thrivid to t)uMii(>tir>n was ascertained 
bv allowini< the bfxly to fall <|uit<* frctdy, aid l»y compjiring the 
whole time of it> fall through a gi\eu distance w ith the time w lien 
the thread was attaelu'd. It was thus fmind thit tla* retardatiem 
was less than 1 |H*r etait. ^\‘ith this ap|paratus, ('ailletet and 
(Vdardeau ha'.e continue 1 tie* contusion that tin* ri'sistance 
posud by the air to planes of e.jual surfaeo in lln'dirrjii m iioriiMl 
to the surfaee i.s imlependeiit (»f tin* form uf the plane, w|i(‘tlM*r 
circular, s<juare, or triangular; they huM*, howe\(‘r, reserved for 
further trial tin* com(»arisoii of re< tangles, the two dimensions of 
which ditli r considembly from one ainitln r. 'Fliey alsi> find that 
the resi.stiinces to s<juares of ditl’ercnt size an* projMU tional to their 
surfaces. 

The determination of the lelatiuiiship bet wren the \ehn*ity 
and the air resistama* to a surfaee in motion was nride by utilising 
the fact that aft**r a certain moment the veinejty be(*omes uniform. 
When this is the <-ase liu* air lesistaiiee for t he corresponding \e 
lo<*itv is gi\en at once by the weight of the falling borly. Hy 
varying the lomi for a given surface the nnift»rm velo<*ity takes 
diifereiit values, and it is thus |>ossiblt* to (h»termii%^ the law of 
variation of resistam*^* with sp^ed. This law* is usually expressi*d 
by P=KV- on the assumption that the air pressure 1* is espial to 
the H^|uare of the veh.city V itiu)ti)»lied by a cfm.staiit K. < ailletet 
and (Vdardeau s det4*i minations show\ how*ever, that K is not a 
consbint, Imt inerei.ses with the velocity. For a plane moving at 
25 tnelnrs p*r its value in kilogrammes jH*r k<|. metre is 

0 071. I-Aiigley (see Yeur-IkK>k for 1891, p. 1) had obtaineil for 
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velocities of 4*48 to 1 1 *2 metres per second values of K comprised 
between 0*070 and 0*090, and the variations of K were not always 
in the same direction as tliose of V. His mean value 0*80 is liigher, 
notwithstanding the lower velocities, than the value of Cailletet 
and Colardeau. This difference is easily explicable by the tan- 
gential movement of the air in his case. The normal resistance 
to a surface in motion in the air is always gre<ater when the air 
possesses a sliding inovcnnent along the surface than when it is at 
rest. {Comptes Rnaliis^ cxv. l.*b) 

€::ioiidy <*oiidonMiiioii of' and Kroon nun. 

The marked increase in the density of the condensation of an 
ordinary i«?t of steam when electrilied was first shown by Helm- 
holtz, and has since been investigated by Sludford Bid well, who drew 
attention to the change of colour of the jet when, its shadow being 
cast on a white scr<‘en, it is electrified i)y holding near it a j)oint 
connect<‘d to one of the conductors of an electrical machine. The 
elfect is attributed by Bid well to an increase in the siz(‘ of the 
dro[)s produc(‘d ))y electrifying them. J. Aitken, who has made an 
extemled investigation of the phenomena connected with chmdy 
condensation, arrives at the op|K»site \icw that the dense form of 
the i<‘t is not due to an increase in the size of the drops but to an 
increa.se in their nuinU r, accompanied of con 1*80 by a diminution 
in the size*. The a<*tion of the (dectricity on the jet is not jxisi- 
tive : it seems rather to prevent tlie collisions of tlie particles and 
their con.se(|uent coale.sccnce. The dtuisity increa.ses gradually 
with increjising pottmtial of the disc harging point used to electrify 
the jet. Sir. Aitken has found that electrification is only one of 
the s<*\eral ways in >>hich the ordinary conden.sation may Ir‘ 
changed iuU) the dense form. Thus tlie change may be produced 
by (1) electrification of the jt»t, (*J) an increase in the numljer of 
dust nuclei, (3) <*old, or low u*mpi*ratiire cd the air, (4| high pres- 
sure of tlie .st< am. and (o; obstructions in front of the jet and 
naigh or irregular nozzles. 

The most interesting part of Mr. Ait ken’s invest igati« ms is 
that of the eoloui* pluuiomena of steam jets. These are lH*st seen 
when the jet is encloseil in u tube so as to check its admixture 
with the suriHninding air. Thus, for a jt*t fioin a nozzle of 1 mm. 
bore, a tula* t>f 7 or 8 cm. diameter is suitable, and with low 
jiressures of .steam, tin* tuW must be jwirtly closed by placing a 
]»iece of glass iu‘ar it so a.s to reduce the ojHming. The nozzle is 
placed outside the tula* anil a little to one side, so that the eye 
has a clear view along the axis of the tula*. When the amount of 
8t(*am, dust, and oth«»r conditions, ai-e pi'ojH‘rly pn>portioiuHl, very 
beautiful colours are sinm, which, with ordinary condensation. 
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vary from a fiiio gi*een through pale blue to dark blues of pecu- 
liar softness and fulness of colour. On causing the condensation 
to change to the dense form the colours also change, green to dark 
blue, blue to dark yellowish brown. It is indifferent in which of 
the ways the dense condensation is producf^l. The n)ost usual effect 
of the change is from blue to yellow'. The yellows are not unlike 
the colours seen through smoke or in a thunder-cloud. Aitken 
considei-s it very doubtful whether, as has been supposed, the 
electricity in a thunder cloud has anything to do with its lurid 
colour. Tlie colours can also be produced by sudden exhaustion 
of moist dusty air in a tube. When produced in this way they 
are more uniform and ecpial in all parts than those usually seen 
in the steam jet. Tlie yellows ai'e also much liner, and thf3 tints 
more varie<l. The proof that when the jet is electrified the drops 
are smaller than when not electrified, is afforded by the beha\ iour 
of the yellow coinlensation, which, as the drops increase in size, 
changes to blue and finally fades. Tl»e change of colour produced 
by electrification is in the opposite dir(‘ction, the electrified jet 
being yellow ish bn>wn. TIu* be.st colours are obtain(*d by expan- 
sion of air, derived from a room wdiere gas is burning which 
is nuieh mixed with piHMluets of combustion. Tli<‘ first (listinct 
colour to np|)ear i>i usually blue, but pale, yellow' and reddish 
colours sometimes app‘*ar Indore the him*, into which they imp(*r- 
ceptibly cliange, wliile the blue itsidf gives way by degrees to 
green, yellow’, a brownidi colour, a mixed purple, blue again, then 
given and yellow' in succession. It is not, however, easy to get 
the sequence of colours <'arrie<l so far. The final c<»lour ilepcuuls 
on the luimlvr of particles present. 

Aitken consi^lei’s that the most probai»b* explanation of (lu‘se 
colour jdjenoincna is that they an* produced in tin* saint‘ way as 
the colours in plates. Their order of succession isthe .same as in the 
second and tliird orders of c-olour.s of thin plates. With resp(»ct 
to their connection w ith the phenomena <»f a blue or gnnui sun, 
and the eruption of Kr.ikatoa, Aitken observes that such an erup- 
tion would throw' into the atmospli(*r4» a supply <»f the very 
rnatcrixil.s neeessjiry for producing a green sun by means 4>f 
drops of wat<‘r, as it would semi into the atinos|ihere%n imm<mse 
quantity of aqueous va|H>ur, anci an enormous amount of fine 
dust -a comVunatioii the most favourable for prfKluciiig a great 
numlier of minute drops of water. Observations on the green sun, 
in fact, slioweil that one (»f the materials necessary for producing 
this |K*cuHar absorj^tion by means of w ater drops w'as present in 
an unusual amount in the atmosphen^ at the time. 

Aitken finally shows that these colour phenomena afforded an ^ 
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(»asy and simple way of estimating, rouglily, the number of dust 
particles in the atmosphere of a room. He has accordingly con- 
structed an apparatus, which he terms a Konisco|>e, which consists 
of an air pump and a metal tube Avith glass ends proAided near 
one end with a communication to the air pump, and near the 
other with a stopcock for admitting the air to be tested. The 
inside of the tube is lined Avith a non-conducting material which 
is kept Avet. The estimation of the number of dust particles is 
imide by noting the depth of the blue colour produced by expan- 
sion. The range is wide, from pure white to nearly black-blue, 
so tliat estimates of the purity of air are very easily taken with 
it. (Pror, liny. Soc., li. 40S.) 

The appreeiation of ultra-vi«^ible magnitodea. 

O. Jehnstone Stoney suggests the adoption of a uniform gauge 
for the appreciation of ultra-visible quantities. The gauge 
Avhich he imagines is formed by taking a base line equal in 
length to tlie quadrant of tin? earths meridian, setting a metre 
u|)right at one end of the base, and from the top of it drawing an 
inclined line to the other end. It is a wedge Avith a slope of one 
in ten millions. Small <juantities are to be measui*ed by the little 
perpendicular distances from its ha^e line up to its sloping top. 
As in molecMiIar phy.sies magnitudes are dealt w ith tliat ait? fractions 
r>f a micron, the 10 metres of the gauge nearest it.s a})ex suffice for 
these magnitudes. Tlie smalle.^t separation at which two {X>ints 
must stand (the mi Hint am vibihih)^ to admit of their being 
seen as two, is an ordinate between two and three metres from 
the apex. All smaller magnitudes are ultra \ isible. Of these 
magnitudes the mean free path of the molecules of a “{perfect ’' 
gas, at ordinary tempei*ature and pressure, is e«|ual to theonlinate 
of the gauge at about three-quarters of a metre from the apex. 
The average interval between the inoleeuh*s at ordinarj' pivssures 
and temperatures is represented by the ordinate at 1 cm. from 
the apex, the size of the moh'cules themselves by the ordinate 
at about 1 mm. from the apex. This is the smallest magnitude 
for w Inch tin* gauge is convenient. 

The di6ieai«»ionj» of phy^iral i|iiaiilitle& 

W. Williama, in a paper ivad befoi-e the Physical Society of 
London, has made an important advance in the theory of the 
dimensions of physical quantitit^s, by intrtxlucing the directional 
relations of the derived to the fundamental units into the 
dimensions expressed, as usual, in terms of inaas, time, and 
lengtk 
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Mr, Williams rogiuxls the dimensional formula of the quantity 
as the symljolienl expression of the physical identity of the 
quantity, so far os it can Ik) defined in terms of those specifica- 
tions which are arbitmrily taken us fundamental. In candying 
out the idea of the relations of the dimensions to directions in 
spact\ three ixH‘tangular axes ai*e chosen, and unit v<'ctor lengths 
along tliem are designated resjM'Ctivfdy by X, Y, Z. 

Thus the formula* sj>ecifv the dependence of tin* units, as far 
as their din*ctional chiinicter is concenu*d, on tin* rudim(*ntnry 
vector length, and by means of tlH*m tin* physical natun* of all 
concrete quantities becomes symbolically r<‘presented, the only 
quantities ha\ ing unity as th<*ir dimensional formula being j»ure 
numbers, and quantities of like nature, \ iz , ratios bet\s(*en con- 
crctes of the same kind. 

In the case of quantities involving x, it is shown that, while tt 
is itself a number, it may c»r may not imply a comrelt* factor in 
the relations in which it occurs. 

In applying thes<* jirinciples Ui ele<‘tromagru‘tic (piantities, 
Mr. Williams, in accordance with Prof. Pucker's suggestion, 
intrtKluces the magnetic pcrmeahility and specific inductive 
capacity c of tin* medium as secondary fundamental units of 
unkjKiw'ii dimension'*, and procec*ds t(» impiirt* what dimensional 
values can 1 h* assigned to them to render the resulting systems 
strictly dynamical and capable <*f iiiecbanic:i] interpretation in 
our pre.s«*nt state of kmovledire. Foi* this the following 

(X)nditions are demand«‘<l : (1) the indices of the fundamental 

units in the dimensional formula must not he fractional ; 
(2) the iiidf'X of M must not be higher than 1 : (*i) tin* indices 
of X, Y, Z, must not b** liisilu r than 2 : (4) the index of T must 
not W* higher iban 3. Subject to these conditions, ami to the 

ndation [/is] = Z T, it is shown that the prf>haide \alu«s of 

the «liiiiensif»ns of /i redm i* to two M(XYZ) and M XYZ 'r, 
and the .stems «»f diiiteitsions arising from tlies«* (and the 
iHjrrc-^sjsmding values for jl) lead <lirectly to the two well known 
rotational theories of ^•h*<•t^o*lIlagnetism rn*st enunciateil by 
Maxw^dl and 'rboms<*n, and <levelo)H'd by Ltslge,^ Fitzgerahl, 
Heaviside, and others. (P/nl. J/m/. (/>], xxxiv. 234.) 

W. Oftwald proj»f)M*s that as *S*nerg)' " is the only magnitude 
common to all braneliesof plivsicM “mass” being confined, atrictly 
sfieaking, to dynamics the fundamenial units should be those oi 
space, time, and energy. The Mibstuntial existt'iice of matter is 
rejected, miias lieiiig considered us the capacity of an objf*ct for 
el ergy of tiiotiofi. Vhijn, ix, f>C3.j 
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Hardness, plasticity, brittleness, etc. 

In the “Year-Book” for 1891, p. 5, an account was given of the 
investigations of F. Auerbach on the measurement of hardness of 
brittle solids, such as glass and rock-crystal. The deBiiition of 
hardness adopknl by Auerbach for such Ixalies was based on the 
maximum pressure at which permanent deformation set in when 
a spherical and a [)lane surface of the body were pressed together. 
In extending the same method of exjieriiiient to determine the 
hardness of more or less plastic bodies, like rock-salt or fluorspar, 
the difficulty occurs that the limit at which [K;rmanent deforrna- 
tion begins lies below the smallest pressures of expcTiment, and 
the detection of the deformation depends in a higli degr(*e on the 
delicacy of observation. Thus a critical point, corres[»onding to 
the eommenceinent of iiermanent deformation in brittle solids, 
does not exist. Auerbach advances reasons therefore for making 
the definition of hardness depend on the solhlity limit rather 
tlian on that at whicii a permanent deformatifiii sets in. In 
absolutely elastic bodies the.se limits coincide; but most brittle 
bcxlies have a true plasticity, and the first permanent d»‘- 
formation arises sooner than the form ition of the crack or 
separation of parts. Hut even in brittle bodies the at 

which the crack starts is much more sharply oliservable than 
the starting of the {HTmanent deformation. I>y defining hanb 
ness, therefore, as that pres.^ing-in-stre^s at which, in elastic 
IukUcs, a s<‘{iaration of the parts occuis, and in plastic bixlies 
a steady strain sets in, a general definition is framed which 
includes botli jH‘riect]y elastic and plastic solids. 

As in the ca>c of glas^ and quartz, the hardness i>f fluorspar, 
when estimated in this w’ay, depends on the radius p of the splier- 
ical surface, and th<‘ factor \ p has to 1 m‘ intro<luced to iendt*r 
the measurements indepcMideiit oi variations of p. The h;tnlne>s 
thus arrived at is nuinerically lOt». KcK‘k-siilt, wlieu inea'>»uivd on 
one of its eiilK* faces, Iwus a liardness of only 20, or \ of that 
fluorspar, or nK*k crystal. Acconling to Mohs* Ncale 

the ratios shouhl 1 m' 2A : 4 : 7. Calcspar presents intermediate 
feature.s bet\v(»en britth* and plastic solids. The mean of a large 
series of exp«i*iments gave haniness as iM», wliich makes it only 
slightly less hard than fluorspar. ( FriVc/. -Inn., xlv. 202.) 

In attempting to fi*aim» detinitions for 6ri///ene^is and 
Auerbach piunts out that these two properties are proKiMy to W 
regarded as ditVerent degret's of n single property —plasticity. If a 
laxly is subjected to inorea.sing stress of any kind a |>ermanent 
deformation arises at a given \alue of the stress. This stn^ss 
referred to unit area measuiv.s the elastic j>erfectiou vof the Ixxly. 
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With farther increase of the strer^s to f the hotly in one place 
loses the cohesion of its parts and the solidity limit is reached. 
The jdasticity of a hody may thus he most simply dtdined hy the 
difleronee F — v. For an absolutely brittle hody this (juantity has 
the value zero : hut tlie conditions under Mhich it reaches its 
hiaximum are not so simple, v may he very small, or F very 
Isrge. or both these conditions may occur to/^ether. Thus 
plasticity so detined is not an iiuleptMulent property of a solid, 
hut is only a conseq\ieiu‘e of the relations of two other ditterent 
projierties. As f — v is tlie difference^ of two moduli Auerbach 
terms it the Tlio ratio of tliis quantity to tlie 

hardness, or solidity modulus, he terms tin* jihtsfirift/ unnib,^)\ N 
= (F — V) F. which is detiiUHl as the “ excess of the liardiiess over 
the elastic piM'fection <‘\pre.'>s*cd as a frat‘ti(»:i of the hardness.'' 
A thinl definition aiiscs from the conception that the plasticity is 
to he estimated not by the ramjet* of the stress hctwe(*n the limits 
of plastic behaviour, hut by the inaeuitmh* of tin* plastic srrain 
within this ranee. Thus the phtttfiriff/ or r ttio 

is defined as tin* inai;nitiide of the chant^c which a body exj)(*ri- 
ence> Immwihmi tin* limits of elasticity and solidity, d'his nnii^ni' 
tilde is connected in a sinipl«* inann(*r with the j>re\ ious om% since 
to jiass from tin* stress to tin* .strain it is only nec(‘ssarv to 
multiply by tlie ratio strain ^trc'»s. < >ne and the sum* body lias 
natfirally diflenmt plastic.ty moduli, corn*xjM)ndine to the different 
variet .es of stre'*>. 

caimparini; the b > lie^ examined with r(‘sj)ect to the two 
pro|>i*rtie.s Irndness and plasti<*ily, it is seen that irlass ainl quartz, 
the two hardest, an* aKo the two most biittle. Ibs'k-salt is the 
softest and aKo tin* iin»^t plastic. Nevertln le^s l>o lies do not 
divide them>. ‘he^ into two groups the biittle hard and the 
pliistic s(jft for of the two b idles ealespai and fluorspar, tlie 
former while softer is the more brittle, while the latter wliicli is 
the Jiarder is the nior • plastic. (ir i *f. Atm.y \K. -77.) 
of 

Bellati and Luasirra have made some interestin;; experiments 
on tlie occlusion of hydroj^eii by nickel. IW passun; an electric 
current for a prolonired jM*riod ihrouijh a voltameter fi»f which the 
negative eleclnxle \\*aH a iiickid wire, the nickel will ah.sorh as 
iiincli as lot) time.s its volume of liydro;^en. The occlusion is 
accoin[ianied liy an expansion of the w in*, which in the coursi* of 
11 days increascsl in len^ctli by altjut 0*(Ki3G |K*r cent. At tlie 
same time the electrical coinliictivity decreased. The occluded Jiy- 
dro«[en is not given off freely ; on the contrary, the w ires liecoino 
oxidised on exp^isurc to the air. (ll yuovo Ciimni t, xxv, 222.) 
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G. Neumaim and F. Btreintz have made ex|)eriments on the 
occlusion of gases by lead, platinum, palladium, gold, silver, copper, 
nickel, iron, cobalt, and aluminium, by passing a current of the 
gas through the molten metal TJie lead was melted in a U-tube, 
and a stream of pure hydrogen passed through it for 6 or 8 hours. 
The hydrogen was then swept out of the tube by a stream of pure 
nitrogjii, which was not allowed to pass through the lead but 
only over its surface, as it was found that when the nitrogen was 
passed through the lead the occluded h^’drogen was carried off by 
it. The U-tube was then connected to a combustion tube con- 
taining glowing cop{)er oxide, and to calcium chloride dryinir- 
tubes. The lead was strongly licaterl, a current of pure oxygen 
sent through tlie apparatus, and the gain in weight of the calcium 
chloride tulx^s was asccrtainetl The result was to show that lead 
occluded from 0*11 to O lo times its volume of hydrogen. 
The restilts obtained for the other metals were — Palladium. 

; |»latinum sponge, to (Ms : platinum black, 49*.‘l ; 

gohl, 4^) and -i7 ‘H ; copper, 4*S : aluminium. 2*72: iron, 
19*19 to 9*.‘lS ; nickel, 17 o7 to l«r8o ; cobalt, 17r.d to o9'31 ; all 
expressed in \olum»*s <»f tin? gas absorber!. Silver alone riel 
nf>t absorb any liy(lrog«*n. With few exceptions the r>cc}iuling 
power <»f the metals vas fonml to (l<*cn*ase on repr*titif*n of tie* 
expcrinnmt N\ith the sane* spe -imen. especially in tie* e.is * of the 
nobh* metals. (\V'i*'d. Attn., xivi, 4*‘M ) 

f’omproiiHibilily of liquid**. 

Hy a st*ries of experiments mi lie* cr»;iipi*»*s^iiulity of .Sidiiit* 
.solutioiiN, H. Gilbault tinds. .imongNt other n*.su!ts, that the com- 
pr(‘Ssibilitios of .solutions <»f a givmi salt \.try in a continuous 
manner with tie* concentration. In dilute solutions the dideivncr* 
betw«*en the* compre.s.^ibilitv «>f water and that of tlie solution, 
called the **.siliie* <*oinpre>Nibili{y,’* is proportion il ti tie* con- 
centration. I beyond a ct*riain coie'entnition. however, the saline 
eoinpressibility increaNes h*ss rapidly than the e* mcentr.it ion, and 
if the results for ditfercnt s;ihs are plotted in curves the absinssa* 
of which are percentages of salt and tie* onlinates the compressi- 
bilities, all the eiirves after a suitahle orientation ai*e .siij>t*r|>os 
aide. 'Fhe c#m|iressibilities of very diluU' solutions diminish with 
iner«*a.se of tennM*nitnre ; those of satnratial solutions diiniutsh 
less slowly, or else incn*ise. Generally there is a eoneentration 
at which the compre.ssibility is uiiartW*ted by the teiu[H*raturt*. 
{Comptfs Kendm, cxiv. 2G9.) 

E. H. Amogat gives in the Comptf s (cw. G.*^8) tlie i*esults 

of his examination of the coinpix^ssibilities of a nuiuU'r of liquids. 
He finds that in all ea.ses the comprtvssibility diminishes as the 
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pressure incivases. In tlie case of water it is reduced at 3000 
atmospheres pi'essure to about a half of its value at normal pres- 
sure, ether to about a thiixl. The diminution is both absolutely 
and relatively greater as the tem|>erature is higher. Except in 
the case of water the coefficient of compressibility incretises in all 
cases with the temp<M*aturt' under all [>rcssure8. 

ViEeofiity. 

B. Cohen has made an investigation, by thc‘ method of the How 
of liquids thi’ough c^ipillarv tnbea, of the inHuencc of pre.ssure on 
the viscosity of liquids. He confirms the result, already arrived 
at by Rontgen, Warburg, and Siichs, that at temp(*niture.«> below 
40 the viscosity of water is diminished by pressure. No 
minimum of the vi.scosity can be observed up to pressures of 900 
atmospheres and temperatures of 2o ; the eliange of viscosity is, 
however, not }u*oj>ortional to the pressun*, but increases more 
slowly. It has mg been decided whet Inn* the viscosity of wal<*r 
increa.ses with pressure at tcunperatures al>ove 40 . The viscosity 
of water changes greatly with the temjHU-atuns and in the interval 
0 to 23" is greatest near 0 . With concentrated solutions of 
NaCl and NH^Cl the viscosity increases with the prc*ssure, and 
the percentage change is .almost projH)rtional to th(» pressur4*. 
The influence of temperature is small. The more dilute a solu- 
tion of NaCl is, the mon* drws the influ«»m e of (lie anomalous 
behaviour of water prepomhu'ate. both as ri*gards tht‘ influence of 
pressure and of tern |KM*jit lire. From a per cent, to a 19 per 
cent, solution there is for <*aeh coneentratirai a <le(inite lemjMTature 
betwf*i*n 2 and 22 5 , at which the influence (»f a pres.su re of flbU 
atmospheres on the visetrsity is zero. The change of viscosity of 
oil of turj>entine with pres,suri* is twenty times as great as with a 
saturated soluthm of NaCl, ami is m*arly pro|K>rtional to llit* 
pressure. The direction <#f tie* change is tlM'saiiM\ Tlie influence 
of teiiijMMuture is small, and is in the op|Kisit4* directicui to that <»f 
a solution of NaCl. ( Il'iV//. xlv. ) 

C. Brodman, with a \ ieu to elucidati* tJii* contmilictions m#*t 
with in the application of calculation to the (*x|HTimental results 
in the deU^rniination of vis<*osity l»v tie* iiiethml <if Poiseuille with 
tulies and that of Coulomb ami Meyer with discs, md to deter- 
mine the coniu»ction lH*t\u»4*ii viscosity and velocity, has made a 
Sf*rie« of detertninatioiiH of viscosity by the iiifghml of concentric 
spheres and cylinders, tlu* out4*r s[)herc or cylimh^r Inang ixitnUnl 
and the torsion measured which is e.verU*<l by the flui<l on the 
inner spheres or cylinder. I’ht* obwrvatioiis w^ith concentric 
spheiY^ confirmed Elk-’s result that ex{K»rimeiits calmlntcHl by 
Ktrchhoff's formula* give valuea of the viscosity which increiise 
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with increasing velocity of rotation. Tlie cylinder method, how- 
ever, which in contrast to the preceding allows of more rigorous 
theoretical treatment, furnishes constant values of the viscosity. 
This appears to confirm Margules’ view that the neglecting of terms 
of the 2“*^ order in the differential equations of the motion, leads, 
even in the case of small velocities, to results which are in contra- 
diction to observation. The values of the viscosity detennined 
]»y the cylinder method give i*esults closer to Poiseuilles than 
most of those found by other methods. The cylinder method is 
also serviceable for very viscous liquids, for which it gives constant 
values of the viscosity agreeing with theory. The observations 
oontinn’ Helmholtz s conclusion that water in gilded vessels does 
not cling but slips. ( Wuul. Anu,^ xlv. 159.) 

^urfnrp lenNioii of liquids. 

W. C. Bdntgen de.scribes the following methfxl of obtaining 
pure lii|uid surface.s, such as Loi*d Kajleigh used in lii.s experi- 
ments on the optical Indiaviour of water surfaces freed from 
contamination. To obtain a pure water surface, the neck of a 
funnel, *J0 cin. wi<h% is conn€K:U*d hy a rublKT tul>e to the io^n 
water supply, and the edge of the funnel, which is ground flat, is 
made as iiori/ontal as [>ossible. The* water rising in the funnel 
and overflowing its edge is received by a sf*cond larger funnel 
enclosing the first, and is then led away hy an indiarubUT tuW. 
When the water flows slowly a tmnquil surface, free from film of 
contamination, is ohtained, vhich exhibits well the optical 
properties clescrilM'd by Ixuvl Itayleigh. A similar j>rocedure is 
found to succeed with mercury. < )n tlie longer limb of a U shaj>ed 
glass tulnj an inverted glass flask, with the lx>itoui removed, is 
ftvstened with a cork. This ser\es for the reception of the 
mercury. Over the shv^rter limb, which is drawn out to a tine 
point, a small funnel is fixed with sealing-wax, so that the 
ground edge of the funnel is exactly horizontal. Under the flask 
is a glass tap without grease. When this is opened the mercury 
flows into the funnel ami overflows its edge into a tray. It is nut 
necessjiry that the nieivury should be specially purified, or that 
the glass paits should Ik* scrupulously cleansed, unless previously 
soiled with much grease. The mercury itself performs the final 
cleansing. As by this proct'ss a large quantity of mercury i^ 
rei|uireii, and as owing to the sensitiveness of the surface to 
contamination it is necvssjiry to renew it rv|>eatedly within a 
short time, a slight mcHlificatiou of the inethcnl may be used with 
advantage. After setting up the ap)>arHtiis a <juantity of mercury 
is allowed to flow through it. Before each experiment only 
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suiScicnt mercury is alloweil to flow into the funnel to make the 
free surface rise above the edge of the funnel. The overlying 
jmrtion of the meixiury is then as quickly as possible swept off by 
means of a small, clean strip of glass laid on the edge of tho 
funnel This operation is if necessary r(»j>eated. The chansing 
of the glass strip is eflected by heating it to redn(‘ss, although 
this precaution is not nece.ssary each time. The mercury surface 
left after stripping off the top layer is extremely mobile, and the 
degiw of purity ma>*\\itli pmctice be easily seen by the be.haviour 
of small ripples on it. A drop of cleau water laid on it sjireads 
out into a iilni extending to the capillary edge of the mercury. 
If the mercury is not perfectly clean the water furiiis a Hat disc, 
the diameter of \\hieh decreases with deci easing purity of the 
mercury surface, and at a ct^rtain degree of contamination <loes 
not spread at all, but remains as a lenticular j>ateb. This shows 
that the change of stirface tension of mercury, as of water, is 
gnuiual, and dept*nds <in the thiekiu%ss of the surface tilin. 

'i'he mereury surface IS rapidly eontamiiiated by c*oiitae( with 
tile air. In the open air a <lri»p of water wouhl not spread on it 
after half a iniiuitt*, and in a nM>m after thuM* ti>li\t‘ minutes. 
Exjieriments on \arious methods of eontamination, such as 
tobacco smoke, various gases and vapouis, or air which had lasui 
canied o\<rfat, li\ cln.chlorie aci<K nitric aeid, etc., showed that 
contaiitinatimi was readily [irodueed by wluitever forimnl a non- 
\r»lati)e lay«*r (‘ii it. A layer of a \olatil<‘ suljstaiiee pitHlueed 
only !4 t4*in|siniry eoiitainiiiation. In soiik* ibt* t'ont-imimi- 

tioii wojs <lue to a rheiiii**al change of tlu* surface. ( ir<W/, ..Ian., 
xlvi. loj. ) 

Lord Rayleigh de^ rilavs a simple metbcHl (»f obtaining a mer- 
cury surface <»n winch water will spread. Tlie mercury is ilrawn 
from l>elov/ iho .sin face by iihmiiis an arrangement lesiaiibling 
an onlinary wash bottle (*ontaining soine toIerabl\ clean mercury. 
It is n*eei\ed in wali li glass«*s wliieh ha\e Um ii dip|H«l into strong 
sulphuric arid, rinsed in dislilled water, and dried o\er a IhiiiiM n 
flame. Tlie tirst |H»rtion that flows out is lejerted. There is thus 
no diflieiilty in obtaining a siirfm-e on which winter will spread, 
though soim* failures iKcur. Tin* spreading of the \niter procee Is 
leisurely. Mngnesiutii |>ow'der «luHt«*d on tin* surfan* i.s not 
violently refxdlwl us by oil. The difference is probably dm* to the 
presence of an aqiierais tihii cotidense<l ft can the atinos|»here. 

I»r.l Uayleigh also des<*rilK»H an interesting series of ex)M*ri- 
liientK on HUi’fai*^* tensirm, which he has given in his leeture.H at tJie 
Koyal Institution. The lx*liiiviour of carism bisulphide on water 
appears at tir^t to lx* an exception to Marangoni’s rule, according 
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to which a liquid of lower surface tension should spreiul on one of 
higher surface tension. When a drop of tlie bisulphide is placed 
on a clean water surface it remains lenticular. If, however, som#} 
lycopodium powder is scattered on the surface, a circular jiatch 
round the drop remains hare of dust, and the behaviour of tin? 
bisulphide is seen to be due to the fact that though the film is 
spreading outwards from tin; drop with a gieat speecl, it \i unable 
to reach any considerable distance on account of its rapid 
evaporation. 

With a strong infusion of horse-chestnuts, bubbles d inch(»s in 
diameter can be blown, which exhibit tlie characteristic wrinkling 
of saponine. When tlu* interiors of bubbles of the saponiin* and 
of soap solution are put in coininuaication, the saponine cjn- 
tracts and the soap expands. To obtain cajuilibriurn the s.\ponine 
bubble must be half as large again as the soip-bubble. I’he 
foam of Highland waterfalls is due to dhsolved vegetable matter. 
By collecting the foam aiul allowing it to subside, bubbles up to 
4 inches can be blown with tin* liquid. These bubble^, howiui, 
behave like soup solution, anti not like saponirt*. 

Lord Kayleigh also alludes to tht‘ .sep.iratiun of luute.^ w lit n 
two iiuuiiscible liquids are shaken up ittgetlier. When water, 
alc(»hol and ether, or watt*r and etf.er, art* sh iken up together, 
and after settling the liquid is examined in a strong light, the 
lower or a<pu‘Ous la>er is charged with inntt> from whhh the 
upper or ethereal layer is free. The motes attaeli iheuiM Ives 
during the shaking by preftueme to the more at|m»ous liqunh and 
thus become separated. When cliloroform anil water, or ehioro- 
form, w'ater, and acetic acid, are shaken up together, the motes 
collect ill the uj>per or more aqueous layer, e\eu when the com 
j>osition of tin* two layers into which the li«|uiils separated was so 
nearly th«» same that a few* additional drops if acetic aci*! 
Huffieed to prevent separation altogether. {P/tiK [5], xwia. 

3G5.) 

Other contributions of I.oi>l Rayleigh I'olating to the con Iition^ 
of stability of liquid cylinders also ap|>ear in the 

The main outline of the theory of instability of ,v 
cylinder of«liquid is due to Plateau, who ,showed that if the 
equilibrium surface be slightly disturWal the iletormation is 
stable or unstable according as the wm\ e-length X of the \ari 
oosity i.s less or greater than 2r<#, the circuiuference of the 
cylinder. The solution of the merely .statical qinstiou i> in- 
surticient, however, for the application to the problem of lie* 
disintegration of a jet of liquid, in which in aildiiioii to surface 
tension the action of inertia and viscosity have to be considertoi. 
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From a complete investigation of the former of these, Lord Itay- 
leigh has shown that the mode of maximum instability corre- 
sponds with 4*51 X 2(t, exceeding, therefore, very considembly 
the circumference of the cylinder. Loitl Kayleigh now considers 
the influence of viscosity on the problem. Taking first tlu' more 
simple case of a thread of a viscous liquid like treach' in contact 
witli a surface of jmper, it appears that there is a marked differ- 
ence between this case and that of a thread the disintegration of 
wliich is resisted by true fluid viscosity. The result of the in- 
vestigation of the latter case is to show that when viscosity is 
paramount long thmids do not tend to divide themselves into 
drops at mutual distances comparable with tlio diameter of the 
cylinder, but rather to give way by attiMiuation at few and dis- 
tant places. A separation into numerous diops, or a varicosity 
pointing to such a resolution, may thus be taken as evidence that, 
the fluidity has been suflieient to bring inertia into play. {Phil. 
-l/o//. j.5], xxxiv. 1 to.) 

Lonl Kayleigli further extends the investigation to the 
when* tlM‘ inertia of the fluid suri*ounding tin* liquid column 
becomes of importance. Jn suidi a case, for example, as the dis- 
luption of a Jet of air (hdiven'd umhu* wat«*r, it is tin* inertia of 
the fluid oiiisiih* rather than insiile which is im|M)rtant. Tlie 
result «>f the inve>tigation shows that the maximum instal>ility 
correspomN t<i a lonu'er wavt* length in the case of the external 
fluid than in the c:ise of the internal fluid, as might have Ixvn 
e\p(;et<sl from tlie greaUT spaiv available for the flow'. In a 
former pajau' it was shown that for a diaiiietcT of 1 min. the dis- 
turbance of maximum instability is iiiultipli«Ml a tlurnsjindfold 
in about a ftutieih <»f a second of time in the case of the int(*rnal 
fluid. If the fluifl Iw' external the auqditication in the same time 
would b(* more than a millionfold. {Phil. J/ 07 . [.'ij, xxxiv. 174.) 

Final! V, it may be noticed that in his discussion of (hi? theory 
of surface forces (Part 111., PhiL Mntj. [oj, xxxiii. 4fi}^), Lord 
Rayleigh arrives at the eonebision that according to tlie prin- 
ciples of Young and Lajdace, the lowering of surface tension due 
to a very thin film is in projK)rtion, not to the thickties.s, but to 
the .square of the thickness of the film. • 

If. Cantor discusses in Antmhn (xlvii. tlie 

theory and measuivment of the capillary constants of electrolytes 
ill contact with metals under different HtiiU*s of pohiri/iition of the 
mutual surfaci* of contact. 

Brralli 

W. B. Croft, in a comm unication to the Physical Hociety, given 
an account of the methods he has found most sutisfacUiry for the 
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production of breath pictures on ^lass. A glass plate, 6 in. square, 
is put ui)on the table for insulation ; in the middle lies a coin 
with a strip of tinfoil going from it to the* edge of tlie glass : on 
this coin lies the gloss to V>e impressed, 4 or 5 inches square, and 
above it a second coin. It is essential to polish the glass scrupu- 
lously clean and dry with a leather : the coins may be used just 
as they are, or chemically cleansed, it makes no difference. The 
tinfoil and the upjK»r coin are connected to the poles of a Wims- 
hurst machine which gives or 4-inch sjiarks. The handle is 
turned for two minutes, during which one-inch sparks must be 
kept passing at the poles of the machine. (Jn taking up the glass 
one can detect no change with the eye or the niicrosco|)e ; but 
when eitJier side is breathed upon, a clear frosted picture apj)ears 
of that side of the coin wliich had faced it. The picture shows a 
fine gradation of shade to correspond with the depth of cutting in 
the device. The microscope' shows that moisture is really de- 
posited over the w’hole suifae(‘, the size of the water particles 
incrcfising with the depth of shade. Around the disc is a black 
ring, |-inch broad ; sometimes the milling of the coin causes 
radial lines across this halo. If cai (‘fully protected, the figures 
are permamuit ; it is possible to efiace them with some difficulty 
by rubbing wdth a leather whilst the glass is moist. They are 
not blurrc'd by wrapping in paper. There has not apjieared any 
distinction betw(‘en the figures made by j>ositive and negative 
electricity. 

When se\eral coins are placed side by sid(‘ touching one 
another, there appear in the dark sj)ace8 W^tween them w(‘ll- 
defined white lines, common tangents to the circular edges of the 
coins. If these are of e(pial size the lines are straight ; otherwise 
they are curved, concAve towards a smaller coin. TIkw seem to 
l>e traces in that plane of the loci of intersection of equi{X)tential 
surfaces. 

A plate of quartz giv(\s the most perfect imag(‘S : mica and 
gelatine give jK)or results. Fairly good impressions can ie 
obtained on metal surfaces, if oiltHl patjH^r is put l>etween the coin 
and metal. 

Breatli figflies ai'e also, as is well known, prcduccKi by contact 
and light pressure without the aid of electricity ; as is shown in 
the outlines of coins obtained where the i'oins have U'en resting 
for a while on ghiss. Paper printed on one side, placed for some 
hours under slight pressui'c betwet'ii plates of glass, gives a 
j>erfect breath impression of the print, lK)th fi'om the fix>nt and 
back of the paper. This succeeds In'st in dry frosty w-eather. 
More often both impreFsions are white, sometimes one or other 
c 
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or both ai’e black. Threads of wool or cotton /;(ive bliick 
impressions; silk and copper, white. {PhiL ^fag, [5], xxxiv., 
180.) 

The formation of breath tigui*e8 and a method of projecting 
them on a screen is described by Lord Rayleigh at the end of his 
article on some of the properties of liquid surfaces alluded to 
alK)ve. The method of production Lord Ka}leigh uses is similar 
to that descril>ed above, but in addition to developing the figures 
by the bmith, he shows that they may be develoj>ed in n more 
dumble manner by means of a deposit of silver, as in the usual 
method of silvering glass minors chemically, the process being 
stopped at an early stag<*. The deposit, after washing and di N ing, 
mav protected bv a coat of varnish. {PhiL Mntf, [o], \x\ni. 
36 : 1 ) 

r. J. Smith finds that impressions of coins can Ih» obtaiiUMl by 
developing photogiaphic plates on which the coins have bet*n hiiil, 
and while on the plates have bec^ii connccUal for from o to 
50 sei'onds w ith oik* terminal of an inductorium or transforim r, 
the otht‘r terminal of the imluctoriuiu being conm^cted to a mt'tal 
tli.se plactnl 1h*Iow the plate. 'J’his metiiod of pnalucing iin- 
I ressions, Mr. Smith calls “ Imlin’toscript.” The best results 
wen* olitained in an alinosi)h<*re of <»xygen gas. No pieturi* couhI 

obtaine<l in a go( tl \acuiiiii, and as the j»ressure incn‘ast><l 
towards ilje normal the pietnre beeame nK)re |Kaft*ct. (»ood 
i mpre.s.^'ions havt* also bet n obtained on bromide pa|K‘r and i»ther 
pifK-rs direct. Pictures can t*asily be g<*t from woodcuts after 
they ha\e lK*en well co\ered with plumbago. {Pn>r, Plnja, , 
xi. 5o;i) 

R<*pulsi%c for€*€* of radiatinic bodi«*K, 

P. Lebedev discusses tin* relation lH'twet‘n the repulsion arising 
from radiation and the Newtonian attraction i»f*tween twolMKiie.s. 
^I'aking the siinpb* case ot a ‘Spherical Isvly vtliii li absorl»s all the 
incident radiation, and nidiat**'^ it then uniformly inal! <bi i <*tions, 
Lelx*<Iew iiiuk«s Ins tabulations by the aul of .Ma\weli\ foiinuli 
P =; K rtwhere Pis the pre%-uri\ K is the energt iinpartetl totl.e 
LkIv l»y tlie iiiciiient ray>» in unit time, ami r is the \eIocity id’ 
light in the medium in whieh the IhmIv i-» plaeiMlj^nil Lingle\ s 
value of the constant of solar radiation, 'riiu.s lh<* piessure of a 
p<*iieii of solar 1^8 <»ii 1 h|. metre seeiioii at lie* earth's ili.stance 
is aliout ^ of a millignimine. Calling V the iv.sulUiiit fon^* of 
n^puision and attraction reckoned as a fraiiion of the fom* of 
gravitation with which the body is attractcil by the sun, l^dMilew' 
obtitins P I — 10 * ri ; where r = the radius of the* sphere in 
centimetres, and 1 is its density referred Ut w ater. 
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If 3 is greater than unity and r greater than 10 metres the 
deviations from Newtoii^s law must V>e V^clow the errors of obser- 
vation of even the most delicate measurements. Tlie smaller r is 
chosen, the more prominent does the repulsive force of the sun 
become. In the case of the tails of comets, which are known to 
consist principally of gjiseous hydrocarbons the individual mole- 
cules of which, according to Exner, have a density less than 10 
and a melius less than 10~^ cm., although tfie formula cannot Ije 
strictly ap[)lie(l, since tlie molecules are neither absolutely black 
nor large compared with the mean wave-length of the radiation, 
yet it allows us t<i suppose that the repulsive force may become 
.several times its large as th<; attractive, that this mtio may l>e 
difterent for ditterent \ii]»ours, and that the I’epulsivt* force 
decreases in the inverse nitio of the distance from the sun. The 
opinion that the re})ulsiv(‘ force of the sun on comets' tails may 
he sought in its radiation has already Ijeen expressed by Faye. 

Considering next the case of two absoluUdy black spheres of 
radii r jmd ?*, and densities i> and //, the resultant force due to 
mutual radiation and gravitation at 0 C. is about R = i — 
20 RrlW. 

If R = r = 2 mm,, and D = d = Kb the two spheres 
would neith<*r attract nor re[»el in space. In smaller b<xlies the 
repulsion would be in excess. I’articles dust for which r is 
less than *001 mm. would r(‘j»el at 0 0. in space with a force the 
order of which is a million tilings greater than that of their gravita- 
tional attiaction. Passing to still smaller bo<lies, we come to 
molecular dimensions, ami although tlie formula? are no longer 
applicable, it appears that the forces arising from the reciprocal 
radi’ition of moh*cules cannot be ignored unless it has first been 
ascertainetl whctli(*r tluy form an appreciable fraction of the 
molecular hu'ces. ( Il'bW. .K/a., xlv. 202.) 

B, Qalitzine gives a mathematical discussion of the pressure 
exerted by radiation in a j>ajvcr on Radiant Encrg}* in IbiVf/, Ann, 
xlvii. 479. 

V€*lo€*ity of f^oiiiiil in inombraiioii^ 

F. Melde luis imule an extensive sk'iies of exf>eriments on the 
velocity of sAuiid in inembninous IkkUc.s, iKxlies which are 
capable of forming a membrane, or which can lie use<l for all 
piirjKises for wliich membnvnes can bt' applieil, such iis jiaper, 
silk, linen, cotton and woollen stutis, caoutchouc, animal mem- 
branes, vegebdile tissues, etc. The velocity of sound in such 
bodies varies greatly, but csin bo easily determined by 6xing 
narrow strip.s at the ends, rubbing them in the middle, and 
determining the pitch of the fundamental note producetb Tho 
c 2 
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strips used were of even breadth, and J to 1 metre long. They 
were fastened in a sort of acoustical bench, and rubbed in the 
middle between the finger and thumb, which were covered with 
a kid glove dusted with finely powdered resin. Most substances 
are thus easily set in longitudinal vibration. In the case of some 
like oilcloth, M’hich were too smooth, small strips of tissue paper were 
])a8ted in the inidtlle of the strip on eitluT sicle. Amongst papers, 
yellow^ tissue paper gives the highest velocity, and blottingand straw 
papers the lowest, the range being from 1619 to 2700 metres per 
second. Silk, lin(‘n, cotton, and woollen stufls gave wide differences, 
ranging from 758 metres to 2015 metres, the lowest being for triple- 
coloured narrow-ribbed silk ribbon. Caoutchouc and rubber 
stuffs could not be set in vibration. Vegetable tissues, such as 
strips of bast and wood shavings, gave very higli values, 3159 to 
4179 metres. Animal membranes showed great differences, from 
1860 metres (parchment) to 471 (red sheep’s leather). Metallic 
strips can also be treated in the same way, but as these are more 
easily determined in other ways only magnesium strips were 
tried. These gave a velocity of 4602 m(‘tres. IWinL A'ttn.y xlv. 
568, 729.) 


HEAT. 

Bv II. II. IIOPFEUT, IXSc , Assoc.B.S.M. 

The most noticeable point in connection wilh the contiibutions 
to this subject wliich have appear(*d during the year is the great 
progress which has been made in extending the range of accurate 
measurements of teiii))eraturo to very high and very low limits. 
Prof. Dewar at the Royal Institution, in his researches on the 
properties of liquid oxygen, has penetrated into the region of low 
temperatures to ])oints within 70'" or 80"" C. from the absolute zero 
of temperature, at which it is probable that the liydrogen air 
thermometer can no longer be relied upon as obe^ying * even 
approximately the laws of j)erfect gases. Moissan, by means of a 
new electrical furnace, has reached temperatures ^nging from 
2000° to 3000° C. At the latter temperature lime melts and 
runs like w\ater. {Comptes Hmdns, cxv. 1031.) 

Expansion. 

G Melander has made a careful determination of the variation 
of the coefficients of expansion of air, COo, and H, between the 
temperatures 0° and 100° C., at pressures ranging from about 1 
atmosphere to about 5inin. of nurcuiy. According to his results 
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the coefficient of expansion of air decreases with the pressure till 
the pressure reaches 232 min. Below this pressure the coefficient 
increases with decreasing pressure. Thus the coefficient of ex- 
pansion at constant pressure at a pressure of 1027 mm. is *003666, 
at 232*2 mm. it is 0036594, and at 9*1 mm. *0037627. TIkj 
coefficient of expansion of CO^ decreases with the pressure to a 
jiressure of about 76 mm., after which it increases. (At 1028 mm. 
it is *0037264, at 76*2 mm. *0036641, at 24*7mm. *0036753.) The 
coefficient of expansion of H increases with decrease of pressure, 
at least as long as the pressure is below the highest observed, 
1043*6 mm. (At 1043-6 mm. it is *0036504, at 12*8 mm. it is 
*0037002.) It thus appears that the coefficient of expansion of 
gases has a minimum which corresponds in different gases to a 
different pressure. In the case of H it probably lies above 
1041 mm. {WiecL Ann,^ xlvii. 135.) 

K. Scheel discusses in JVied. Ann, xlvii. 440 the results which 
have hitherto been obtained for the thermal expansion of water, 
and gives an account of new determinations of his own. A table 
is appended to his paper giving the density of water for e.Mch 
degree of temperature from O^'C to 33"C. 

The expansion of licjuids is also discussed by B. Galitzine in 
Wied, Ann., xlvii. 466, and G. Melander {lieibUitter^ xvi. 414). 

E. H. Amagat has published the results of a series of experi- 
ments on the laws of expansion of liquids, their comparison with 
tin; laws relating to gases, and the form of the isothermals of liquids 
and gases. The coefficient of dilatation diminishes with increase of 
pressure, water alone forming an exception. It increases at first 
regularly with the temperature, then decreases. The isotherms 
pY are, like those of gases, slightly curved towards the axis of 
pressur(;s. {Contptf^s ItenduSy cxv. 1041.) 

T her mo III el r y • 

C. T. Heycock has made experiments in conjunction with Mr. 
Neville on the change in zero of mercury thermometers. By 
boiling the thermometers for 18 days in baths of either mercury 
or sulphur the zeros are found to be practically 6xed unless they 
are exposed to higher temperatures than those of the substance in 
wliich they fvere boiled. In the heating, the change in zero is 
very rapid for the first few hours, but becomes afterwards almost 
nil as the heating is continued. {Proc, Camb, Phil. Soc., vii. 319.) 

E. H. Griffiths and G. M. Clark show tliat if, in accordance with 
Dewar and Fleming's recent demonstration that the electrical l e- 
sistance of metals is zero at the absolute zero of temperature, the 
temperature at which R = 0 is calculated on the assumption that 
Callendar and Griffith's formulse for finding temperatures by the 
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variations of the resistance of a platinum thermometer can be ex- 
tended to very low temperatures, the results of seven different 
thermometers differ only by a few degrees from the mean value 
— 273*86°. They conclude, therefore, that the platinum ther- 
mometer enables correct measurements of temperature to be made 
over the range — 273° to + 700°C. {Phil. Mag. [5], xxxiv. 515.) 

JHeasiirement of tiig^ti fcmperalures. 

C. BaruB, in the course of an investigation of the fusion con- 
stants of igneous rocks, has subjected the thermo-electric method 
of the measurement of high temperatures to a critical examina- 
tion with a view to test its reliability for accurate work, as the 
platinum iridium couple lias had discredit thrown on it by 
Lc Chatelier. Tor this purpose he has compared the couple 
formed of platinum and platinum alloyed with 20 per cent, of 
iridium with a constant pressure-air thermometer. The appa- 
ratus employed comj»rised a special form of furnace with rotatory 
muffle for obtaining complete equalisation of tem])eratnre round 
the bulbs, which w'ere maclo of refractory porcelain of Bayeux, 
and were provided with capillary stems passing through one axle 
cf the rotating muffle, while the thermo element was introduced 
through the other. Barus claims for the constant pressure air- 
thermometer the uniipie advantage that it admits of easy modifi- 
cations whereby the zero of the bulb, its coefficient of expansion, 
as well as all permanent changes of volume, may be evaluated 
without the aid of extra appliances. He finds that the platinum- 
iridium couple is free from serious anomalies, and that the 
methods he employed were sufficient for the rigorous solution of 
the calibration j)roblem up to an accuracy of 1° in 1,000°. 

A comparison was also made of the thermo-electric forces of a 
]>latinum-iridioj)hitinum and a platinum-rhodioplatinum element 
within a range of temperature of about 1,700". Between 340° 
and 1,220° the ratio of the RM.F.^s is strikingly constant. The 
20 per cent, platinum-iridium element is thermo-electrically 
stronger than the 10 per cent, platinum-rhodium element in the 
ratio 100 : 7G. Between 1,200 and 1,700 the platinum-rhoflium 
eon pie gains thermo-electrically on the other, so that the relation 
is no longer linear, but the change is very gradual jfnd uniformly 
continuous. The deviation is not lai-ge, and may be probably 
ascribed to disturbing agencies arising from the action of the very 
high temperatures and the hot gases on the insulators. It may 
be reasonably asserted that the ratio of the thermo-electric ])owers 
of the two couples is probably constant throughout the whole 
range of 1,700°. Barus therefore claims that the change in 
E.M.F, of both these elements is thoroughly normal, for if there 
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were anomalies present they would have to be similar and 
symmetrically situated in the two couples — a very improbable 
assumption. {Phil. Mag. [5], xxxiv. 1, 376.) 

L Holbom and W. Wien have also made an elaborate study of 
the platinum-rhodium thermo-electric element with reference to its 
suitability as a standard instrument for the measurement of very 
higli temperatures. By direct comparison of the platinum and 
10 per cent, rhodium alloy element with a standard air-tlierrno- 
meter, they find that the relation between temperature and 
thermo-electromotive force could be represented with close 
approximation, between the temperatures 400^' and 1,440°, by 
the trinomial function — 

/ {r) = 13-76 e-0 004841 -f 0 000001378 cA 

The examination of different thermo-elements either made from 
the same wires or different samples of wire of the same or of 
different composition, showed that in unfavourable cireumstaiiees 
the Thomson currents in two different clement'; made from tin; 
sinie sample of platiirim wire and the s.iiiio 10 per cent, rliodiuin 
alloy, miglit amount to an effect equal to the clitlerenccj of 5° at 
the highest temperatures. Between rhodium alloys from different 
sources, but of alleged ecjual percentage composition, much greater 
differences occur. With variations in the j)eroentag(^ of rhodium 
the thermo-electric force considerably increases with the percentage 
of rhodium at higher temperatures, and from 10 per cent, to 
10 per cent, cf rhodium the increase is fairly uniform, so that 
there is no percentage composition Avliich offeis special advantages 
in respect to suitability for the construction of a reproducible 
sbindard. During the course of the investigations some melting 
points were determined, to obtain correspondence with previous 
measurements of high temperatures. These were — Gold, 1,072"; 
silver, 969°; copper, 1,082°. {Wied. Ann.^ xlvii. 107.) 

H. Le Chatelier has devised an optical pyrometer suitable for 
workshop use, in which the temperatures areobtained by photometric 
measurements of the intensity of the light emitted by the hot body. 
That sufficient sensitiveness may be thereby obtained is shown by 
the fact tha? between the temperatures of 600“ and 1,800° the 
intensity of the red radiation from a black surface increases from 
1 to about 1,000,000. To measure photometrically such varied 
luminous intensities a series of absorbing glasses, which can be 
superposed in larger or smaller numbers, are used, and inter- 
mediate variations between two of the glasses are measured by an 
iris diaphragm. ' Le Chatelier has adapted Cornu's photometer to 
this purpose, and has given it the form of a portable telescope*, 
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which can at will be carried in the hand or fixed on a stand. In 
front of the eyepiece is placed a piece of red glass, carefully 
chosen so as to be sufficiently monochromatic without being too 
deep in colour. The absorbing glasses were specially made by 
AI. Apj>ert of glass coloured with a mixture of oxide of iron and 
oxide of c^opper, with a little oxide of manganese and nickel. A 
candle or small paraflin lamp is used as a comparison light. 

The princijial difficulty in the iiw of such a pyrometer lie.s in 
the fact that the intensity of radiation emitted by an incanilescent 
Vxxly dept^nds not only on its temperature, but also on its 
chemical nature, physical state of its surface, and the temperature 
of the enclosure in which it is placed. In the* case where it is in 
equilibrium with its enclosure its brightness is a function of its 
temperature only, and in the case where its diffusivity is zero 
(black body) its brightness is independent of the temperature of 
the enclosure, and depends only on its own temperature. An 
examination oi the emissivities of various bodies has shown that 
this latter condition is fulfilled by carbon and by magnetic oxide 
of iron. In other cases it is necessary to have a special gradu- 
ation for each radiating body. This graduation Le Chatedier has 
made for a certain number of bodies heated in an air-gas flame, 
and it appears that the ratio of the emissivity of platinum to that 
of the magnetic oxide is practically constant at temperatures 
between 600^0. and l,800''(l The graduation wliicli has been 
determined for the magnetic oxide is applicable to all bodies 
heated in an enclosure at the same temperature as themselves. 
The following are the emissivities of the bodies examined at 
temperatures between 1,000"C. and 1,500"C. : — Fe^O^ = 1 ; 
Pd = 0*5 ; Pt (dull surface) = 0*4 ; Pt (bright) and 
Kaolin = 0*25 ; MgO = 0*1. 

Le Ohatelier gives some results of measurements of fusion 
])oints and furnace temperatures made by this instrument. Ho . 
finds, for instance, the melting ])oint of cast iron is 1,135° to 
1,220 ° ; of steel, 1,410° to 1,475° ; brass (35 pei* cent, of Zii), 880°. 
The temperature of an incandescent lamp filament is given at 
about 1,800°C. The effective temperature of the sun, that is the 
temperature which a body of unit emissivity musUliave to give 
radiation of the same intensity as the sun, is estimated at 
7,600°C. The actual temperature of the photosphere must of 
course be much higher than this. {Journal de Physique [3], 1, 
185 ; also (Jomptes RenditSy cxiv. 734.) 

J. Violle confirms Le Chatelier's values for the radiation from 
platiiiUm at temperatures up to 1,500° by reference to measure- 
ments of his own. Above 1,500, however, there is a disagreement 
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between the numbers, which Violle attributes to the red glass 
used by Le Chatelier not being suflRciently monochromatic. 
{Comptea Rendus^ cxiv. 734.) 

A. Crova has employed an optical method of measuring high 
temperatures at the Creuzot ironworks for some years, and finds 
it l)otli convenient and accurate. The method used by Crova 
consists ill measuring by a spectro>photomeUT the mtio of two 
photometric determinations of the light emitted by the incam 
descent Inxly and by a Carcel lamp in two different regions of the 
spectrum. This method has the great adiantage of l^ing inde- 
pendent of the con.stancy of the Janip and of the emissivity of the 
incandescent lx)dy. The method is extremely sensitive, the 
smallest variations being detected before an air thermometer has 
time to record the change. The optical scale is calibmted by 
making observations on the radiation from the bulb of the air- 
thermometer itself, and therefore up to 1,600’’, the highest 
temperature at which the air-thermometer could be used, tlie 
scale is directly convertible to centigrade degrees. {Compfes 
liendtis^ cxiv. 941.) 

Kinetic theory of Diilong and Petit’s Jaw 

of atomic heat. 

A memoir on the kinetic theory of gases by P. A Leray 
appears in the Annalcs do. Chimie et de Physique ([6] xxv. iS9). 

Ill this, Leray defines the quantity of heat of a molecule by the 
mean kinetic energy of its vibratory motion, and the same expres- 
sion is taken as its absolute temperature. The temperature of a 
body is thus the ratio of its quantity of heat to the number of its 
molecules. A perfect gas is defined as one in wliich tlie number 
of molecules is invariable, and in which the different forms of 
energy, translation, vibration, and rotation, are in a constant ratio. 
Leray then develops the kinetic formula by taking account of tlie 
effects of impacts and condensation of the molecules. 

This definition of quantity of heat leads to the recognition 
of three specific heats of a gas. The absolute specific heat y 
is the increase in the quantity of heat which a gaseous mass 
whose weight is 1 hgm, receives when its temperature augments 
V ; the degree Centigrade being defined as the hundredth part 
of the increase of vibratory energy of a molecule (H^O) of water 
in passing from the state of melting ice to that of water boil- 
ing under normal pressure. The other two are the ordinary 
specific heats c and C at constant volume and at constant 
pressure, which are defined by replacing in the above definition 
the increase of internal heat by the quantity of external heat 
absorbed in the elevation of unit weight through T. The two 
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ordinary specific heats are proportional to the absolute specific 
heat, but their ratio C/c is independent of it. This ratio is not 
the same for all perfect gases, since the energy of rotation 
augments Avith the complexity of the molecule, so that the 
mtio should be less for gases whoso molecules are triatomic and 
tetratomic than for gases whose molecules are simply diatomic. 

It also follows from the primary dofniitions that the product 
yTT of tlie absolute specific heat and the molecular weight must 
be constant. The ordinary specific heat 0 is composed of three 
jurts (1) the absolute spe.dfic heat, (2) tlie work resulting from 
movement of the molecuh*.s or the internal work of disgrega- 
tion which prepar(\s changes of state, as fusion or vaporisation, 
(3) the AYork of dilatation. The first of these! quantities is 
constant, the secomi and third are variable. Thendore (V cannot 
be a constant. As a fact it varies, according to Kegnault, from 
o S? to G*S7. Accordingly, Didong and Petit’s law is only ap- 
proximately true Oil acc«)unt of the pn^dominant character of tlu? 
first quantity y. In compound bodies tlu^ energy of rotation in- 
creases \\ith tlie com}>lexity of the nioh‘cii](^, and to find Ct a con- 
stant it is necessary to restrict oneself to compounds of the same 
chemical nature, for which the energy of rotation has s(uisil)ly the 
same value. 

In O, H, and N, CV is nearly constant, and taking for tt the 
inohHJular weight, tlic.se gases give the same product as simphi 
solid bodies. 

L. Natonsen di.scus.s(i.s the i-sothcTinal formula on the a.ssiiinp- 
tion that the molecules of a g.is are mere materi.d points which 
exert upon (‘acli other certain foiec*s when within a limiting 
distance 11 from each other. While within this distance they 
undergo encounter, ami form, wdiilo umler mutual action, a mole- 
cular .system. A.ssuiiiing that the sy.stems of a higher degree of 
(complexity are negligible compared w ith bimoleeular systems, it 
can be shown that .] yn* = NE(1 -f «;), (wlien* N is the number 
of molecules and E the mean kinetic energy of a free molecule), 
an exprcs.sion similar to tho^a? of Van dtr Wual.s, Loreiitz, and 
others. In this case, however, // may have values jiositive, nega 
live, or zero, according a.s tlie law' of force \aries, and may, for a 
given law of fonre, change .sign at a definite Uunperature or tem- 
peratures. Further discussion leads to the lesult jt p = 11/(1 -f 
'i’jp), where p is the den.sity of the medium and Tj a fnnetioii of 
the absolute temperature. If higher systems of molecules, up to 
the 1x5 consideied, the expression becomes 

p^p = R/(I+Tjp + + ... T, 



HEAT. 


27 


which is of the general type suggested by Maxwell and supported 
by Rayleigh. It would therefore seem that in. tlie proxipiity of 
tlie critical state double and triple molecules are prevalent, while 
in the proximity of the solid state even the effect of systems con- 
taining 8 molecules each may become traceable {Phil, Mag, [5], 
xxxiii. 301.) 

E. Heilbom, commenting on the physical signification of the 
“ covolume b in Van der Waals’ equation, points out that, as 
generally accepted, it is proportional to the space n occupied by 
the whole of the molecules contained in unit volume, and may 
therefore be written b = An, The constant A is given by 
Van der Waal s as 4, and by t). E. Meyer as 4v/2. To decide 
this question Heilborn applies the equation of Dorn and Exner 
n = + -)) wher(i n is the refractive index of ga.ses 

for infinitely long wave length. This gives for II at 1*4 , A = 
f) GO ; and for ethylene at lOD A = 5 G2. The mean is o-Goy, 
which is equal to 4^ 2. {P.ntcra der l^hgs. xxvii. 3G0.) 

C^ontiiiuity of liquid and Mato!». 

E. H. Amagat describes some experiments he has njade on CO^ 
by a method which presents considerable advantages for the deter- 
mination of the density of the liquedied gas and of its Siiturated 
vapour near the critical j)oint. The method of j>rocedure is as 
follows A quantity of gas is liquefied in such a way that the 
volume of the liquid is, .say, a tenth of that of the vapour, and when 
equilibrium of temperature is arri\ed at the two volumes are read 
off. The li(juefaction is then advanced so as to increase th(‘ quantity 
of liquid to three or four times its former \olume, and the \oluiues 
are read afre.sh. If AV and AVj are the augmentation of 
volume of the liejuid and the diminution of volume of the \apour 
respectively on ]»assing from the first state of ecjuilibrium to the 
.second, and I> and D, the densities in the two state.s, then 
<‘\idently AV AVj = Dj D. Also if V and Vj aiv the volumes of 
the liquid and of the vapour during one of the two conditions of 
equilibrium VD -|- V|Dj = P; where P is the weight of the gas 
c^peiatcd on. From the.se two relations 1> and Dj can be found. 
In the neiglib^urhood (»f the critical point the instability becomes 
great, until finally a fixed position of the meniscus cannot be 
obtained. Amagat lias, however, succeeded in reaching 31 C. 

The result.s were plotted in the form of a temperature-ilensity 
curve. This curve has the form of a parabola, like that obt;iined 
by Cailletet and Mathias, the axis of wliicli is slightly inclineil to 
the horizontal axis of temperatures ; the upper part of the curve 
represents the density of the licjuiil, the lower part that of the 
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saturated vapour. The locus of the middle points of the chord 
is rigorously rectilinear ; the summit of the curve is much more 
flattened than that of a true parabola, owing to the extreme 
rapidity with which the two densities arrive at a common value 
in approaching the critical temperature. As the measurements 
were pushed to within a few tenths of a degree from this tempera- 
ture, it is easy to see from the curve that its two branches jniss 
regularly into one another. The critical temperature of CO^ was 
thus found to be 31*35' C. ; the critical pressure 72*9 atm,, and 
the density 0*464 : results which ]>resent as close an agreement as 
can be desired with those obtained by Amagat’s previous tracing 
of the isothermals. The results were also plotted as in Andrews’ 
diagi*am in a volume-pressure curve. Amagat finds from tliis 
curve that if points arc taken on the horizontal parts of the 
successive isothermals at which the volumes of liquid and vapour 
are equal, the locus of these points is a perfectly straight line 
nearly perpendicular to the axis of volumes. In consequence the 
total volume varies very little. It would be rigorously constant 
and equal to the critical volume if the line were quite perpen- 
dicular, The locus of points for which the ratio of the volumes 
of lu|uid and gas is 0*8 docs not appreciably difler from a straight 
line normal to the axis of volumes. If, therefore, a Natterer’s 
tube is tilled in such a way as to satisfy this condition, its meniscus 
would j)reserve a fixed position at all tern j)oratu res. This will be 
the case if it contains unit weight of C()> in a volume e(|ual to 
the specific critical ^olume. Amagat finally discusses and con- 
tirnis the curious property noted by Kaveau that undcu* certain 
conditions in a Natterer's tube an increase in the (juantity of the 
Siiturated vapour may be accompanied by a diminution of its 
volume ; he [)oints out, however, that this only holds for the case 
where the constant volume (for a widght ecpial to unity) is less 
than the critical volume. (Jottru. PJtys. [3], i. 288.) 

H. Pellat points out that there arc two definitions of the 
critical temp(*rature in vogue (1) tin* temperature which 

corre.sponds to the critical point in Ainln^ws’ diagram of the 
isothermals; (2) the temperature at which the surface of 
separation of a liquid and its vapour disappears^ It has been 
8Uppo.sed that tliese tcmiperatures were the same, but the experi- 
ments of Cailletet and Colardeau have shown that is less than 
T,, so that at the temperature at which the meni.scus disappears 
the density of the liquid is greater than the density of tln^ 
satumted vapour. Pellat shows that from the consideration of 
Andrews’ isothermals it can be predicted that the liquid and its 
vapour persist with unequal densities above the tenn>eraturo at 
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which the meniscus disappears. Thus the name “ critical tem|>era- 
ture ” should be restricted to T^., which is more definite and im- 
portant than (Journ, de Phys, [3], i. 225.) 

In commenting on the above B. Galitzine suggests a method of 
directly comparing and T^, and points out that Stoletow in a 
recent memoir on the critical state, has arrived on theoretical 
reasons at the result tliiit the difference is equal to 0^*52 C. 

(Journ, de Phys, [3], i. 474.) 

Specific licat. 

The researches of llegnault on the specific heat of simple and 
mixed bodies gave for many alloys and amalgams of low melting 
points a considerable diflereiice between the experimental values 
and the values calculated according to the law of mixtures from 
the specific heats of the constituent parts. These experiments 
were made from 100' C., and Regnault attributes the high values 
of the experiments to the fact that at 100' these bodies already 
contain a considerable part of their heat of fusion. Accordingly, 
L. Schuz has made determinations of the specific heats of some 
alloys and amalgams by cooling them in freezing mixtures and in 
solid CO.,, and then introducing them into a calorimeter at the 
temp(irature of th(^ room. He has also made (experiments on tlie 
rates of cooling and warming between — 80"^ C. and 0 C. The 
t(*niperatures were df'termined by thermo-elements. Schuz's con- 
clusions are : — (1) For the easily fusible alloys Neumann's law 
holds when tlieir specific heats are estimated between — 80^ and 
-f 20" C. (2) TJie amalgams Zn,Hg, Pb-Hg, 10 per cent. NaAm, 
and 10-58 per cent. KAni, behave exactly in the same way. The 
nnnaining amalgams show an approximation to the value 
calculated by the law j)ro\ided the temperature is not below 
— 40' C. Below — 40 V. a j)ortion of the contained mercury 
cry.stalli.s(‘s. (3) Pi) and Hg form a combination Pb^. Hg.,. Tiie 
experiments also render probable combinations betwemi Zn, Na, 
K, and Hg, but no definite combination between h?n and Hg 
could be established. (IbiVt/. ..hno, xlvi, 177.) 

Le Verrier has made experiments on the .specific heats of some 
metals ((*u, Al, Zn, Pb) at high temperatures, which were 
measurcHl by Cc Chatelier’s pyrometer, and has been able to show 
the existence of singular points analogous to those which Pionchon 
has found in iron, nick(»l, and cobalt. The specific heat remains 
constant for intervals of tcunperature not in g<‘neral exet^eding 
200" C. or 300" C., and then chang('s abruptly. The variation ot 
the total lieat of the Ixxly is therefore represented by a broken 
line, the stmight parts of which are joined by parts of a variable 
curve. In the neighbourhood of tlie singular points molecular 
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changes occur, and the state of the body is not a function of 
temperature only, but depends on the manner in which it has 
been arrived at. The molecular work which corresponds to the 
change of state undergoes generally a sort of molecular lag, so 
that one does not find the same total heat at the same temperature 
during warming and during cooling. {Comptes Bendas^ cxiv. 907.) 

Heat of !s»oliitioii. 

The usual method of determining the heat of solution of a salt 
in water is by observing the change of temperature of the wat(‘r 
produced by the act of solution. This involves, amongst other dilii- 
culties, tlu* necf'ssity of an accurate knowleilge of the specific heats 
of water, and of the solution at diflerent temperatures. R. Scholz 
avoids these ditiicnlties by performing the solution at constant 
temperature in a Bunsen's iee calorimeter. A similar method has 
also been used indep( luhmtly l»y Staub in 1890. Seholz directs 
his attention to the infliienco of change of concentration on tlie 
heat of solution, and se(*ks ti) find at what stage the heat of solution 
becomes constant and the heat of dilution nil. The heat of solution 
of vari<»us salts w.'S measured for dilute solutions ; eoneimtrated 
solutions wt'ie not diri'ctly in(*asurod, but w(‘re estimatisl from the 
beat of <lilution of the iri\en solution, and the heat of solution of 
the dilute solution. Seholz's I'csults, hen eompansl with tliose of 
Winkelnninji and ThoniS(*n, show tliHereneos greater than can le 
attributed to errors of experiment, and are probably dm* to the 
diliiculties alluded to above. {Wird. \lv. 193.) 

'I'he tla* iretical l><*aring (if Scliolz's results is discu.s.s(sl in a 
paper rm the theory of tin* heat of .solution, and on o.smotie pres- 
sure, by C Dieterici. in vhieh be points out that they show that the 
lieat of solutiiui of a gi\en .salt increases \ery nearly juTjportion- 
ately to the number of di.s.sohed molecules, and that if tlie 
solutions of >sa</l are exeejit(*d, the lieats of solution of the 
obscrvt*d .salts arc* n<*arly ecjual at e<|ual mol(‘euhir eonec'ntrations; 
or in otlcer words, that the lieat which is expended on tlu* so’utioii 
of an e<|ual numbt*r of inoleenles in an ecjually gre.at bulk of water 
is nearly independent of the nature of tiu* salt. {Wlrd. Ann.^ 
xlv. 207, 589.) ^ 

Tlierntal eoiidiietiviO'* 

A. Berget siigg<*st.s a metliod of determining the thermal con- 
ductivity of metals wbieb can only lx; obtained in small quantities, 
by measuring by optical metbod.s the elongation of a bar af the 
8ul>stance which is heated at one end to a known temperature T, 
and for the rest maintained in an enclosure at constant zero iem- 
peiature. l^y gilding or nickel-plating two similar 1 ar.s of 
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different metals the emissive powers are rendered equal, and if 
the coefficients of linear dilatation of the two metals are known, 
the ratio of their coefficients of conductivity K is given when the 
ratio of the elongations has been determined. This ratio can 
be detormined with great precision by a method based on the 
interfenmee of liglit. {Comptes Itendas^ cxiv. 1350.) 

E. Jaimetaz has inadf; a study by Senarmont^s method of the 
thermal conductivity of a large number of crystalline bodies, and 
has formulated the following law: — “ The axes of .greatest thermal 
conductivity arc parallel to the directions of most easy cleavage.” 
In the cas(*s whore the crystal {)ossosses several planes of cleavage, 
these may be considered as adding their actions, giving a resultant 
of the cleavages, and tlie law may then be stated thus: — “The 
axis of greatest tliennal conductivity is parallel to tlie resultant 
of the cleavages.” Tlio law is a])plical)lo also to schistose and 
slaty structures of rocks, wliich act like true cleavages. But it is 
necessary not to confound the schistose structure with stratitica- 
tion, nor tlic cleavage of minerals with planes of separation, which 
do not have th(‘ir oiigiii in the structure^ of the crystal but in tlie 
circumstances which accompany its formation. {L\ H., cxiv. 1.352.) 

C. H. Lees has investigated the thermal conductivity of crystals 
and other liad conductors by placing a disc of the material be- 
tween the ends of two bars of metal placed coaxially, heating one 
end of tin* bars and obser\ing, by means ef thermo-junctions, the 
distiibutiou of heat along them. No relation between the eondue 
lion and velocity of ju'ojiagation of light such as Kundt found 
for metals could be dc^tected. {Xafnrf\, xlvi. .3S5.) Lees also 
read a [laper oil the conduction of heat in li<jui<l.s at the meeting 
of the Britisli Association at Edinbin*gh. 

Thf^rmal radialioii. 

J. T. Bottomley, in extension of pre\ious experiments on the 
loss of lieat from metallic w ires heated by an’electric current, has 
examined the radiation from two copper globes, used by Mac- 
farlaiK^ in 1872 for a .similar purpose, both in air at normal 
pre.ssure and at diHermit degrees of t‘\haustion. The globt's were 
hung at the C(*iitre of a hollow' metallic sphere, connected to a 
Sprengel puifip and surrounded with cold water. The i*ate of 
cooling of the globes was determined by a therino-eleetric junc- 
tion. 1 ho surfaces of the globes were either thinly cojitetl with 
hauq black or silvered and brightly polished. As examples of the 
results obtained the following may be given : — Witli the sooted 
surface ;i total loss of heat by eouvectiou and radiation of 3*42 
X 10 ‘ e.G.S. units per sq. cm., per 1 of ditferenee of tempera- 
ture.s of globe and suri*ouiulings, w'as observed with a diHerenee 
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of temperatures of lOO^'C., and with the surroundings at about 
14° C. Under similar circumstances the radiation in a vacuum 
of half a millionth of atmospheric pressure was about 1*40 x 10~^, 
Taking a silvered and brightly polished surface under the same 
conditions, the loss in full air was 2*30 x O.G.S. units; and 
with the highest vacuum and brightest polish obtained, it was 
reduced to 0*180 x 10“^ with in this case a diflerence of teinpcM-a- 
ture of 180^ C. The loss with 100" C. difference would be 
considerably less, but is not known experimentally at present. 
{Proc, /'oy. Soc.y Hi. 162.) 


LIGHT. 

By H. II. HOFFERT, D.Sc., Assoc. R.S.M. 

In presenting the reader with the following summary of the 
most important of the contributions made to this subject during 
the year, attention may be drawn to some points of special 
interest. * 

The interesting relation which follows from MaxwelTs 
electromagnetic theory of light, that the square of the refractive 
index of the medium for infinitely long waves should be equal to 
the .specific electric inductive capacity of the medium, has been 
verified in a few cases, but in others the relation seems to be 
widely deparUxl from. The researches of Rulauis (p. 35) on the 
dispei-sion of the infra-red rays have shown that this discrepancy 
is probably to be ascribed to the inapplicability of Cauchy's 
disj)er.sion formula to the case of extremely long waves. On the 
other hand, the direct nuiasurement of the refractive index of the 
medium for very long waves when made by electrical methods 
(p. 98 et seq.) gives re.sults agreeing well with Maxwell's formula. 
It is interesting to observe that recent researches all tend to show 
that water has an extremely high refractive index, between 8 and 
9, for very long waves. 

A renumc^ will be found at p. 41 of the interesting periodic 
relations traced by Kay.ser and Rungc between the lines in the 
spectra of the metals. The.sc relation.s, fii*st announced for 
hydrogen by Balmer, and since studied by Rydlierg, John.stone 
Stoiiey, Kayser and Runge, Snow, and othei*s, have now been sliown 
to exist not only in tlie spectra of metals of the alkalis and 
alkaline earths, but also in a series of other metals, and it has 
been found that the arrangement of the lines is in close agreement 
wdtii the chemical pro]>erties of the metala 
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An account will also be found on p. 43 of the important work of 
Michelson on the distribution of brightness in the lines of spectra. 
The very powerful interference method employed by Michelson 
enables him not only to resolve lines which are quite beyond the 
power of the best gratings, but also to determine the distribution 
of light in them. There is no doubt that a most powerful means 
of research is thus placed in the hands of the physicist. 

A considerable number of communications referring to colour 
and colour vision will be found referred to (p. 52 et aeq.). Owing to 
their practical importance, the phenomena of colour-blindness are 
at present being very extensively investigated. 

Special attention may also be drawn to the researches of Prof. 
Oliver rx>dge (p. 59) on the relation between moving matter and 
the ether which i^ervades it. Although the results are negative, 
they make an important step forward in the investigation of an 
obscure problem. 

ISourcets of lii^ht. 

F. J. Rogers, as the result of an investigation of magnesium as 
a source of light, arrives at the following conclusions : — 

(1) The spectrum of burning Mg approaches more closely 
that of sunlight than does the spectrum of any other artificial 
illuminant. 

(2) The temperature of tlie Mg flame is about 1340^0., but 
the character of its spectrum is such as would correspond to a 
temperature of nearly 5000"^C. were its light due to ordinary 
incandescence, 

(3) The radiant efficiency is 13| per cent., a value higher than 
that for any other artificial illuminant (except, perhaps, the light 
of the electric discharge in vacuo), 

(4) The radiant energy emitted by burning Mg is about 
4630 calories per gramme of the metal burned, or 75 per cent, 
of the total heat of combustion, as compared with 15 to 20 y>er 
cent, in the case of illuminating gas. 

(5) The thermal equivalent of 1 candle-power-minute of Mg 
light is about 2*4 lesser calories, as against 3*5 to 4 0 for other 
artificial illumtnants. 

(6) The total efficiency of ^ the Mg light is about 10 per cent., 
as compared with 0*25 per cent for illuminating gas. 

(7) Taking into consideration the greater average luminosity 
of the rays of the visible s[)ectrum of the Mg flame, it is certain 
that, per unit of energy expended, the light-giving power of burn- 
ing Mg is from 50 to 60 times greater than that of gas. (Am^r, 

of tSc, [3], xliil 301.) 

D 
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Reflection of lig'ht* 

Lord Bayleigh has previously shown that recently polished 
glass surfaces have a reflecting power differing not more than 
1 or 2 i>er cent, from that given by Fresnel’s formula, but that 
after some months or years the reflection may fall oft* from 10 to 
30 per cent., and that without any apparent tarnish. In the case 
of solids the accurate comparison of Fresnel’s formula with 
observation is affected adversely by the effects of greasy con- 
tamination, atmospheric disintegmtion, and the powder used for 
polishing. Lord Rayleigh has therefore thought it desirable to 
institute experiments with liquids, of which the surfaces are 
easily renewed ; and the more so since his demonstration that (in 
the case of water, at any rate) the deviation from Fresnel’s 
formula found by Jamin in the neighbourhood of the j)olarising 
angle is due to greasy contamination. {See “Year-Book of 
Science,*’ 1891, p. 32.) 

He has therefore designed a photometric method capable of 
dealing with the reflection from a horizontal surface, and has 
applied it to the examination of the intensity of light reflected 
from water and mercury at nearly perpendicular incidence. 

The observed reflection found by this method for incidence, 
reckoned as a fraction of the incident light, was 0 02076. Fres- 
nel’s formula gives *02047 ; thus the refraction actually found was 
1 ^ per cent, greater than that given by the formula. With respect 
to this disagreement Lord Rayleigh remarks that while it seems to 
})e real, it is too .small a foundation upon which to build with any 
confidence. The reflection from mercurv wiis found to be 0*753. 
{PhU. Mag, [5], xxxiv. 309.) 

P. Gian finds that when light, polarised in the plane of incid- 
ence, is reflected at an angle of 21" 48' from a plate of trans- 
parent calcite, cut perpendicular to the optic axis, a retardation 
of phase of 0 549X occurs, which is considerably more than JX as 
in gl.ass and quartz. ( ^yied, Ann.^ xlvii. 252.) 

Refraction and di^ipersion of li|tht« 

In an incompleted ])aper by the late James Thomson, com- 
municated to the Royal »Society by his brother, !bord Kelvin, a 
* simple explanation is given of the well-known beams or ladders 
of light seen above and below a lamp flame viewed with partially 
closed eyelids. They are shown to be due to the refracting 
watery liquid which accumulates in the entrant cornei*s between 
the lips of the eyelids and the cornea. This liquid prismoid forms 
a concave cylindrical lens, by w^hich the rays from the flame are 
spread over the retina in a vertical line through the image of the 
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flame. The lower beam is due to the prismoid of the upi^er eye- 
lid, and the upper beam to that of the lower eyelid. With the 
eyes partially closed both beams can be seen, but as the lids are 
opened, the rays from one, or the other, or both, prismoids are 
intercepted by the iiis, and so only one beam, or neither of them, 
is seen. A similar explanation has, it appears, been given by 
Prof. S. P. Thompson in his class-lectures to his students, but 
it does not seem to be very generally known. (/Voc. Roy, Soc., 
lii. 70.) 

A method of great simplicity, and at the same time of great 
accuracy, for the determination of the dispersion of a transpai ent 
medium for the infra-red rays has been employed by H. Rubens 
to obtain the dispersion curves of prisms of flint and crown 
glass, quartz, rocksalt, and fluorspar, as well as of some liquids — 
water, carbon bi.sulj)hide, xylol, and benzol Rays from a steady 
bright source of light (a zirconium burner), rendered parallel by a 
lens, are reflected at 45*" from a thin film of air contained between 
two thick plane parallel plates of glass, and are then concentrated 
by a second lens on the slit of a spectrosco})e. The si)ectrum 
which is thus produced is crossed by vertical dark bands due to 
interference. The distance between consecutive bands corre- 
sponds to a constant difl’ei-ence of wave-length of the light The 
j)rism of the spectroscope is calibrated within the visible range of 
the spectrum by the aid of the ii lines and of the D line ; and by 
graphic interpolation of the dark bands, the wave-lengths of the 
successive bands in the visible and ultra-red part of the spectrum 
can be calculated. By this means a series of refractive indices 
and corresponding wave-lengths can be found and represented 
graphically in the /i — \ plane by a series of points whose connec- 
tion by a curve gives the disj)ersion curve of the prism. The 
positions of the bands in the infra-red jK>rtion of the sjKJCtrum 
were determined by a bolometer. 

The examination of the dispersion curves of the various 
substances mentioned above reveals considerable diflerences in 
the optical behaviour of the substances to the infra-red rays. 
With the lighter flint glasses and rock-salt the dispersion curve 
possesses nearly" constant inclination to the axis of wave-lengths, 
as already observed by Langley. On the other hand, quartz, 
fluorspar, and the varieties of crown glass show distinctly recog- 
nisable points of inflection, which are especially strong in boi-atc 
and phosphate glasses. Tlie dispersion curve of water is note- 
worthy on account of the extraortlinarily small decrease of dis- 
persion with increasing wave-length. But the curves of bisul- 
phide of carbon, xylol, and benzol are the most characteristic. 
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The distance between the bands decreases invariably with 
increasing wave-length, so that the refractive index attains more 
and more to a constant value. For these three substances, 
therefore, Cauchy’s formula with two terms, /x = 
where and are constants determined by observations on two 
lines, say F and C, of the spectrum, gives results very closely 
corresponding with the experiments. In the case, however, of 
glass, quartz, fluorspar, rocksalt, and water, the application of 
Cauchy’s formula is inadmissible even within the range of obser- 
vation, and therefore the discrepancies found on comparing th(i 
extrapolated values with the square roots of the dielectric 
constants, cannot be held as evidence against Maxwell’s theory. 
As far as the observations with the three above liquids go, the 
application of Cauchy’s formula to the limit \ = oo , is, on the 
other hand, justifiable ; and it is of interest to compare the results 
with the values for dielectric constants of these liquids as calcu- 
lated by Hopkinson, Arons and Rubens, and Silow. In the follow- 
ing table, therefore, the value of the refractive index for infinitely 
great wave lengths «, and the square-root of the dielectric constant 
Ky is given for each of the three bodies : — 

CSo . . . . K = 2*07 =■ 1*03 0 = 1 *58 

Xylol 2 35 .. 1*53 „ 1*47 

Benzol 2*20 „ 1-48 „ 1*48 

(Wied. Ann,y xlv. 238.) 

In the case of two of the bodies ex.amined — rocksalt and 
fluorspar — the investigation could not be carried \cry far on 
account of the small energy of the spectrum in the ultra- 
red owing to absorption. Accordingly these bodies were re- 
investigated by H. Bubens and B. W. Snow with a bolometric appa- 
ratus of greatly increased sensitiveness. In the case of rocksalt 
Langley, who attained to found the part from 2 to h/i 

straight. Rubens and Snow reached 8*3/x. Beyond the 
straightness is not continued, and tho curve inclines upwards. 
Langley's extrapolation numbers diverge, therefore, more and 
more widely from truth as \ increases. Sylvin shows very 
similar behaviour to rocksalt, but the dispersion,*, which in the 
visible part ’of the spectrum is only a little below that of rocksalt, 
decreases more rapidly with increasing wave-length, so that at 
it is only a third of that of rocksalt. Sylvin, therefore, is less 
suitable than rocksalt when used as a prism, but on the other 
hand it is more suitable for the construction of lenses for concen- 
trating heat-waves. Owing to the continually increasing dis- 
persion of fluorspar a great decrease of energy occurs, in 
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consequence of which a wider slit was necessary. With this the 
wave-length 8fi was reached. The dispersion of this substance 
decreases to X = 2//, then again considerably increases, and 
attains at X = 8/Lt, a value not greatly below its value in the red of 
the spectrum. Compared with rocksalt and sylvin the dispersion 
of fluorspar is very small in the visible region of the spectrum, 
but in the ultra-red it is very great, so that this substance is 
eminently suited for the production of prismatic energy-spectra, 
an advantage which is strengthened by its constancy and the ease 
with which it is worked. (Wied. Ann.^ xlvi. 529.) 

An extensive investigation of the refraction and dispersion of 
different varieties of glass and of the influence of temperature on 
the refraction has been made by C. Pulfrich with the aid of samples 
of 12 different kinds of glass from the Jena glass-works. Obser- 
vations were also made on quartz, fluorspar, rocksalt, and sylvin. 

The result of the observations showed that an increase of 
dispersive power follows an increase of temperature in all tlie 
substances examined. In cases in which the refractive power 
increases with the temperature, the relative temperature changes 
are greater in the blue than in the red ; in those in which the 
refractive indices decrease with the temperature the decrease in 
the blue is smaller than in the red, so that in both cases the 
spectrum is extended. 

The explanation of the effect of temperature on the refractive 
index is afforded by the consideration of the effects of volume 
change and increased absorption in the blue. Tliese two actions 
are opposed to each other ; decrease of density diminishes the 
index, increase of absorption in the blue raises it ; according as 
one or other of these actions preponderates, there is an increase or 
decrease of refractive index. If both actions balance, the refrac- 
tive index is independent of the temperature. In glass the 
action of absorption preponderates, also in crystals with small 
expansion coetEcients. The increase of blue absorption of glass 
with rise of temperature is in .some cases so marked as to be 
j)(‘rceptible to the unaided eye, the glass becoming perceptibly 
yellower. This change is a purely physiail one. 

The increase of dispersion observed in transparent l>odies is, 
at least for the majority of flint glasses, the direct consequence of 
an increased absorptive power in the ultra-blue. On the other 
hand, casual changes of absorptive power in the ulti*a-red do not 
affect the middle part of the spectrum. In the case of the 
i*emaining substances a decision cannot be arrived at from the 
changes of inclination of the refraction-curve with changes of 
temperature as to whether the increase of dispersion originates 
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from an increase of the ultra- red or ultra-blue absorptive power. 
(Wied, Ann,^ xlv. 609.) 

D. Shea gives, in Wiedemanns Annalen^ an account of the 
examination of the refraction of tliin metallic prisms, formed by 
Kundt^s method, of goM, silver, copper, platinum, and nickel, 
thus continuing the work of Du Bois and Rubens on nickel, 
cobalt, and iron. In the case of copper, the refractive index /i, 
which is 0*48 for normal incidence, increases regularly, and 
becomes unity at an incidence i = 63°, after which it increases 
further to 1*10 at i = 90°. In gold /i =0*26 at i = 0°, and 
becomes unity between i = 70° and i = 80°. In silver fx = 0*35 
at i = 0°, and becomes unity at an angle a little over 70°. In 
platinum /z increases with the angle of coincidence from 1*99 to 
2*19, in nickel from 2*01 to 2*20, in iron from 3*03 to 3*15, and 
in cobalt from 3*16 to 3*28. Shea discusses the agreement of the 
observations with formulai derived from Cauchy^s, Helmholtz’s, 
and Voight’s theories. {Wied. Ann.^ xlvii. 177.) The results 
are also discussed in the same number of the Annalen by 
H. E. J. G. du Bois and H. Rubens (xlvii. 203), with special reference 
to formulae given by H. A. Lorentz in the Annalen (xlvi. 255), by 
which the behaviour of metal prisms is elucidated. The theory 
of the refraction of light in metallic prisms is also discussed 
by P. Drude in Wied, An7i., xlii. 666. 

G. Muller, who has made observations on the temperature 
changes of refractive index of glass, calcspar, and quartz, 
corroborates Pulfrich’s results in so far that in all kinds of glass 
and in calcspar an increase of dispersion occurs witli increase of 
temperature, which is in general the more observable the more 
highly refracting the substance is. But in quartz, according to 
Muller’s results, the change of dispersion is inappreciable, and at 
most is a very small decrease with increase of temperature, while 
Pulfrich finds an increase of dispersion. (Wied, An?i., xlvi. 260.) 

B. Walter gives as the result of remeasurements of the refrac- 
tive index of water for the D line, between 0°C. and 30°C., the 
formula — _o 

y^ = /i(3-10 (12t + 2*05t'2-0 005tj») 

which expresses the results to a very close degree of approxi- 
mation, the observations on which it is based being probably 
correct to the fifth decimal place. (Wied, Ann,, xlvi. 423.) 

A discussion of the refractive indices of dilute solutions, 
measured by the interference of light method, is given by 
W. Hallwachs in Wiedemann^s Annalen (xlvii, 380). If v denotes 
the volume of solution which contains 1 gramme equivalent of the 
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substance, and An the difference of refractive indices of the 
solution and of water for sodium light, the quantity vAn (mole- 
cular refraction change) increases considerably in HgSO^; some- 
what less ill MgSo^, ZuSo^, CuSo^, Na^Cog, and tartaric acid ; 
and only slightly in HCl, NaCl, and acetic acid. 

Double refraction. 

K. Umlauf has made new determinations to investigate the 
double refraction which can be produced in true liquids by sub- 
jecting tliera to mechanical influences whereby a state of unequal 
strain is produced. The experiments were made by the double 
cylinder method, the inner cylinder being rotated by a water 
motor. The polarised light passing through the narrow space 
between the cylinders was analysed with a Babinet's com- 
pensator. Accurate measures were possible only with moderate 
velocities of rotation, and with moderately thin solutions. Tlie 
results showed, as found by Metz, that the double refraction of the 
colloid bodies experimented on is approximately proportional to 
the velocity of rotation. It diminishes with rise of tcmpcratiiie, 
the velocity being constant. The double refraction is positive in 
the case of tragacanth and cherry gum, negative in the case of 
gum-arabic, collodion, and gelatine. Thus, the observations of 
Arnbronn and V. von Exner are confirmed, that solutions of 
tragacanth and cherry gum behave with deformation by shearing 
stress optically in the opposite way to gum-arabic, collodion, 
gelatine, and tlie oils. An addition of a few drops of sulphuric 
acid to gelatine, whereby the gelatinisation is prevented, 
diminishes the double refraction, but does not destroy it. The 
double refraction of rotating solutions of gelatine increases with 
the concentration of the solution. This law probably holds for 
all colloids. Experiments were also made on hydrocarbons and 
other liquids, at low temperatures, with the result that no double 
refraction was to be found. Glycerine, water and strong sugar 
solution at 0" C., also showed no double refraction. {Wied, 
xlv. 304.) 

Absorption and Radiation. 

£. L. NichAs and B. W. Snow find, as the result of some experi- 
ments on the absorption of light by a lens (crown glass), and pair 
of Nicol prisms, that, although the glass is practically colourless to 
the eye, it has a selective absorption which commences in the red, 
the transparency falling off steadily throughout the spectrum, so 
that for the region beyond G it is only | as great as for red light. 
In the case of the Nicol prisms, however, the transparency 
throughout the red and yellow is quite uniform, diminishing less 
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than 1 per cent, between the A and D lines. In the blue and 
violet, on the other hand, the absorption appears to be relatively 
more marked in calcite than in glass. {Phil, Mag, [5], xxxiii. 
379.) 

C. C. Hutchins has made an investigation of the radiation of 
atmospheric air, by which the absolute radiating power of a 
column of air could be determined at various temperatures. He 
confirms TyndalVs result that the radiation increases with the 
humidity of the air, and it appears also to be proportional to the 
increase of temperature. {Amer. Jour, of Sc, [3], xliii. 357.) 

In another paper Hutchins attacks the generally accepted 
opinion that a solution of alum acts as a particularly efficient 
absorber of rays of great wave-length. By direct experiments on 
the radiation of a naked gas-jet transmitted through a cell, 0*6 cm. 
thick, with sides of quartz plates 0*15 cm. thick, filled with water 
or with alum solution, the water is, if anything, rather a better 
absorber than the alum solution. Even a well-polished alum-plate 
0*37 cm. thick, transmitted 9*7 per cent, of the radiation, as 
compared with 8*9 per cent, transmitted by water. {Arner, Jour, 
of Sc, [3], xliii. 526.) 

Some correspondence on the same subject appeared in the 
pages of Nature, H. N. Draper pointed out that the use of the 
alum cell did not rest on Melloni's experiments, for in these it is 
shown that the proportion of heat rays transmitted by alum 
solution is greater than the proportion transmitted by water, in 
the ratio of 12 to 11. E. Guillaume suggested that, assuming that 
alum and water have absorptive actions over different regions of 
the spectrum, the solution, by combining the effects of both, may 
be superior as an absorber to either. Shelford Bidwell gives 
figures showing that w*hen the radiant is a paraffin lamp, and the 
radiometer a thermopile, plain water is a better absorber than 
alum solution, and he suggests that the alum solution tradition 
has been so long accepted simply because it has not occurred to 
anyone to question it. On the other hand, T. C. Porter gives the 
results of experiments which show the practical superiority of potash 
alum solution to distilled w^ater in adiathermancy when the electric 
arc is the radiant, and the recipient a Crookes' radiometer. The 
liquids were contained in a glass cell. While the unimpeded 
radiation caused 25 revolutions of the radiometer in about 
80 seconds, that through the empty cell required about 
127 seconds, through the cell filled with wrater 413, and with 
alum solution 21,600 secs. {Nature^ xliv. 446, 640,. 665, and 
xlv. 29.) 

See further on the subject of absorption spectra on page 182. 
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liine spectra. 

H. Kayser and C. Bunge, whose observations on the periodicity 
of the lines in the spectra of the elements were alluded to in the 
“Year-Book” for 1891, have completed their investigation by 
the examination of tlie spectra of copper, silver, and gold. They 
find that in these metals the regularly distributed lines form only 
a small proportion of the whole number, so that without the 
analogy afforded by the spectra of other metals, it might have 
been thought that the distribution of the lines was without any 
system. 

Kayser and Riinge have combined and compared the results 
of their examinations of the various spectra. With the excep- 
tion of Au and Ba they have been able to prove the existence of 
series of lines, the oscillation frequencies of which are satisfactorily 
represented by the formula A — B^i ~ - — Cn ~ where A, B, C 
are positive constants and n represents integer numbers. B has 
nearly the same value for all the series of the difierent spectra. 
A is the limit towards which the oscillation frequency tends when 
n increases. 

The elements arrange themselves in homologous divisions as 
follows : — 

A. Lithium, Sodium, Potassium, Eubidium, Cresium. 

B. Copper, Silver, Gold. 

C. Magnesium, Calcium, Strontium, 

D. Zinc, Cadmiupi, Mercury. 

E. Aluminium, Iridium, Thallium. 

In the first two and in the last group the series consist of 
doublets, except lithium, whose lines are all single. In the 
remaining groups, C and D, they consist of triplets. In division 
A each element possesses three series, a very strong princi[)al 
series, and two secondary series, of which tlie first, howe\er, 
possesses lines less sharp than the second. Each member of each 
series consists of a pair of lines, the oscillation difference of which 
is constant in the secondary series, but decreases in the principal 
series in the direction of decreasing wave length in the inverse 
proportion of With increasing atomic weight the series 

become weakej^ and apparently in consequence of this the weaker 
secondary series cannot be detected in the spectra of rubidium 
and caesium. 

In the first two members of division B the secondary series of 
pairs of lines have also been found, but in gold no series could be 
found, probably for a reason similar to that in the case of rubidium 
and caesium. Each element of this division possesses in addition 
in the ultra-violet a very strongly reversed pair with the oscillation 
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difference characteristic of the element. These lines are the 
strongest of the whole spectrum. It is doubtful whether these 
can be regarded as the first member of a principal series, or 
whether they are only an isolated pair which correspond to the 
isolated lines of division D. 

Division C comprises the alkaline earths. Their spectra 
possess two secondary series, whose members are foimed of 
triplets. The series recode, as generally in all the divisions, with 
increasing atomic weight towards the red end of the si)ectrum, and 
become at the same time weaker. For this reason, perhaps, no 
series have been found in barium, which should be the last 
element included in this division. A principal series does not 
exist in this group. 

In division D the metals have spectra, which possess two 
series of triplets as in division C, and no principal series. On the 
other hand each element differs from those of C in iiossessing a 
very strong, broadened, and reversed line in the ultra-violet, the 
strongest of the whole spectrum. 

It is thus seen that the elements fall spectroscopically into 
the same divisions as are formed by their chemical propertms. It 
is interesting to note that magnesium appears more nearly related 
to calcium and strontium than to zinc, cadmium, and mercury. 

The doublets and triplets in each group broaden as their 
atomic weight increases. In group A the difierence of oscillation 
frequencies is nearly proportional to the square of the atomic 
weight. (JFzed. Ann,^ xlvi, 225; also Nature^ xlv. GOT.) 

A full account of Johnstone Stoney’s analysis of the spectrum of 
sodium, and his theory of the origin of the double lines referred to 
in the “ Year-Book” for 1891, appears in the Trazts, Itoy, Duhlizi 
Soc. iv. 593 ; also in 2^/dL Meuj, [5], xxxiii. 503. 

A discussion between Runge and Stoney on the application 
of Fourier’s theorem to the discussion of this theory has been 
carried on in Nature^ xlvi. 29 et seq, 

B. W. Snow has made an important investigation of the ultra- 
red emission spectrum of the alkalis by Rubens’ bolometric 
method described above (p. 35). The investigation was under- 
taken with the special object of testing the Applicability of 
Kayser and Range’s formulae for the groups of spectrum lines of 
these metals to the region beyond the visible red of the spectrum. 
The enei'gy spectra of the electric arc and of the alkaline metallic 
salts are mapped in a series of plates accompanying the paper. 
It appears from the curves that the A line of potassium, although 
weak in visibility, is the strongest in absolute radiant intensity of 
all the lines of the five metals Li, Na, K, Cs, and Rb, whiclr 
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were examined. On comparing his results with the wave-lengths 
of the ultra-red lines calculated by Kayser and Runge, by extra- 
polation by their empirical formulae, Snow finds a close agreement 
in the case of Li and Na, but in the other metals the divergences 
are more considerable, so that the results cannot be at present 
regarded as confirming the formulae of Kayser and Runge. 
{Wied, Ann ^ xlvii. 208.) 

A very interesting and important application of interference 
methods to the investigation of the distribution of brightness in 
tlie bright lines of spectra has been made by A. A, Michelaon, who 
sliows the great advantages which may be expected from a study 
of the variations of clearness or visibility of interference fringes 
with increase of difference of path of the interfering pencils. 
With the best instrumental appliances now in use it is difficult to 
resolve lines fis close together as the components of either of tluj 
two yellow sodium lines. With the interfeience method, or 
“ light wave analysis,’* Michelson shows that a tenth of this 
distance is well within the limit ; indeed, if the width of the 
lines themselves is less than their distance apart there is no 
limit. 

The method consists in allowing the light from the approxim- 
ately homogeneous source in which the distribution of light is to 
be determined to produce interference fringes, with any form of 
interference apparatus which allows a considerable alteration of 
the difference of path of the two interfering streams of light. In 
the apparatus actually employed, the light from a vacuum tube 
containing the substance whose radiations were to be examined 
was formed into a spectrum, from which the required radiation 
was separated from the rest by allowing it to pass through a narrow 
slit. The light from this slit was rendered parallel by a collimating 
lens, and then allowed to fall on a transparent film of silver on a 
plane parallel plate of glass. Here, by reflection and transmission 
in approximately equal proportions, it is divided into two mutually 
perpendicular portions, which are reflected normally back by two 
plane mirrors to the silver film, and there by partial transmission 
and reflection again two coincident pencils are sent into the 
observing telescope. When tho two mirrors are equally distant 
from the silver film the difference of path of the tw’o interfering 
streams is zero ; and it can be increased to any amount required 
by moving one of the mirrora away from the film. In this way 
interference fringes can be obtained in the observing telescope in 
the form of concentric circles whose visibility is a maximum hen 
there is no difference of path between the interfering streams. 
With a gradual increase in the difference of path the visibility of 
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the fringes undergoes variations more or less marked according 
to the way in whicli tlie light in the source is distributed. 
By measuring the visibility for every 2 mm. difference of path a 
visibility curve can be constructed, and from the form of this 
curve Michelson shows how it is possible to calculate the curve 
of distribution of light in the source as a function of wave 
length. 

From these results, and the curves which accompany them, it 
can be seen that it is easy by this method to separate lines whose 
distance apart is only a thousandth of that between Dj and Bo? 
and even to determine the distribution of light in the separate 
components. The conditions most favourable to high values 
of the visibility are low density and low temperature. High 
pressure and density broaden the spectral lines and diminish the 
visibility, the one acting by altering the period of the source by 
frequent collisions, the other by the change in the wave-length 
of the light due to the motion of the source in the line of sight. 
{Phil. Mag. [5], xxxiv. 280.) 

Michelson ’s work is commented on by Johnstone Stoney in 
Nature (xlvi. 513), and by Lord Rayleigh in the Phil. Mag [5], 
xxxiv. 407. 

G. D. Liveing discusses Pliicker’s supposed detection of the line 
spectrum of H in the oxyhydrogen flame, which has never been 
confirmed or disproved, although important inferences as to the 
condition of the solar atmosphere and other matters have been 
drawn from it. Liveing, after an exhaustive series of experiments, 
has come to the conclusion that the temi)erature of the oxy- 
hydrogen flame is insufficient to cause H to emit the rays we see 
produced in the electric discharge in that gas, and that Pliicker 
must ha\ e mistaken some other rays for those of H. {Phil. Mag, 
[5], xxxiv. 371.) 

E. Pringsheim has niade a series of experiments to test whether 
the radiation of gases is due to rise of temperature only, or is to 
be ascrilx^d to other causes. Attempts were made to bring I^a 
into the luminous state by simple heating, with exclusion of 
combustion or other chemical changes. The substance was 
heated in the middle part of a long unglazed porcelain tube, 
whose ends were closed by glass plates kept cool by a water 
jacket. When NaCO.^ or NaCl were thus heated in an atmo- 
sphere of air, N, or COg, neither in the emission nor absoi’ption 
spectrum was any trace of the sodium line to be observed, even 
at the highest attainable temperatures. The line was first 
observed when metallic sodium was used, but in this case it 
was traced to oxidation of some of the sodium. 
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Experiments were then made on “ cold flames.” By burning 
a mixture of CS 3 and air a flame can be produced, the temperature 
of which can be reduced so low that the finger can be held for 
some time in the flame. The light is of small intensity, but 
exceedingly blue. The temperature at the warmest place was 
below The flame shows a continuous spectrum w^eaker in 

the red than in the blue and violet, and it cannot be questioned 
that the gases emit radiation in consequence of chemical processes 
and not of their high temperature. By increase of the quantity 
of CSg the temperature of the flame can be raised, and at a tem- 
j)erature of 1322'" to 1357° sodium begins to bo luminous in the 
flame. The temperature at which sodium was luminous in the 
tube was 1050° to 1080°. Pringsheim concludes that it may be 
considered proved by tliese experiments that sodium salts in 
flames emit the characteristic light of sodium at temperatures at 
which by simple rise of temperature in a neutral gas they show 
no trace of luminosity, and that on the other hand metallic 
sodium heated in a furnace in a neutral gas emits the same 
radiation as sodium salts in flames. 

When hydrogen was substituted for the air, N, or CO 3 , in 
the porcelain tube, the emission and absorption spectrum were 
clearly produced. The sodium salts were luminous in this case 
on account of chemical reduction. The reduction could also be 
produced and the spectra obtained by other means, such as by 
scraps of unglazed porcelain, carbon, iron, etc. These experiments 
show that the radiation of sodium salts is produced by reduction, 
and that in the Bunsen flame the reductions are brought about 
by the action of the illuminating gas itself. 

Pringsheim concludes therefore that sodium salts in flames 
and metallic sodium heated in neutral ’gases shine only in conse- 
quence of chemical processes (reduction). The supposition that 
gases can shine through mere rise of temperature is a hypothesis 
necessitated neither by experimental nor by theoretical grounds. 

With respect to the bearing of this on KirchhoflTs law, 
Pringsheim remarks that while there is no exj)erimental founda- 
tion for the assumption that gases can become luminous by heat 
alone, a theoretical foundation may be sought in Kirchhoff’s law, 
since this has been established for temperature radiation only. 
But the experiments show that a complete parallelism between 
radiation and absorption exists in cases in which the radiation 
arises solely, or at least in greater part, from chemical processes, 
in which the presuppositions of Kirchhoffs law are certainly not 
fulfilled. This is explained very simply by considering that this 
parallelism is only a qualitative confirmation of KirchhoflTs 
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law, and that this qualitative agreement of absorption and 
emission for each kind of radiation follows directly from the 
principle of resonance, Pringsheim concludes that there exists 
no gaseous source of light which satisfies the stipulations of 
Kirchhoflf’s law. {Wied. Ann.^ xlv. 428.) 

G. D. Liveing and J. Dewar have studied the spectra of the 
flames of two metallic compounds, nickel carbonyl and zinc ethide, 
to investigate the question whether the vibrations which give the 
spectra of compounds in flames originate from the effect of high 
temperature only, or from the energy of chemical changes. The 
flames of substances into which metals enter as chemical ingredients 
have not hitherto been observed. (Proc. Hoy. Soc.^ lii. 1J7.) 
JPlioisphorescence* 

A very convenient form of phosphoroscope with electric spark 
illumination has been devised by p. Lexiard. The primary coil 
of a iluhmkorff‘\s inductor is connected with a mercury inter- 
ruptor and a battery ; the secondary to a Leyden jar of such 
size that strong spark discharges 5 to 10 nim. long are obtained 
between the terminals, which are made of zinc. On the vibrator 
of the mercury interrupter is fixed a light arm of wood 50 cm. 
long, which carries at its free end a piece of stiff black paper, 
4 cm. by 8 cm. in size, fixed so that when the vibrator is in action 
Ihe paper oscillates vertically in its own plane 10 cm. up and 
down. As close as possible behind this is the spark gap in a 
position such tliat the sparks pass when the upper edge of the 
moving paper screen is in its downward motion just passing the 
spark gap. The room being darkened, the eye is placed so that 
tlie direct view of the sparks is just liidden by the edge of the 
descending paper screen. The j)aper thus appears as a dark 
stationary body on a somewhat illuminated background. On 
bringing behind the paper and sparks a phospliorescent body, 
such as a piece of glass tubing, the body is not hidden by the 
apparently fixed paper screen, but shines clearly through the 
screen by its green phosphorescent light. The appearance is as 
though the paper was transparent only to ])hosphorescent light. 
Ill reality the paper conceals the objects behind it while the 
spark illuminates them, but immediately again eicposes them to 
view, and so allows the phosphorescence to appear. 

The sensitiveness of this phosphoroscope is said to be equal to 
that of Becquerel, and it has the advantage over Becquerel’s 
phosphoroscope of not requiring sunlight. This sensitiveness is 
due to the extreme richness of the zinc spark in the invisible 
rays which excite phosphorescence. (Wied. Ann. xlvL 037.) 

G. Salet has tested Stokes’ law, according to which the rays 
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emitted by a fluorescent body are always of less refrangibility 
than the rays which excite the refrangibility. A spectroscope, 
preferably with quai'tz fittings, forms a real spectrum, which is 
received on the quartz cell of a Soret^s eyepiece containing the 
substance to be examined. The image of this spectrum is pro- 
iected by a lens transversely on to tlie slit of another spectroscope. 
In this is seen clearly the diagonal spectrum of Stokes* classical 
experiment. No ray, e\en with Magdala Red, exceeds the theo- 
retical limit. Salet connects the law thus verified with the second 
law of thermodynamics, and shows tliat it is a consequence of the 
fact that heat cannot pass of its own accord from a cold body to 
a hot one. {Comptes HenduSy cxv. 2S3.) 

Interferenee of lig:ht. 

A general discussion of the interference phenomena to be 
observed with two plane parallel plates, and of the interference 
phenomena in Newton*s rings and other lens combinations by 
£. Blasius, appears in Wiedemaini 8 Annnlen (xlv. 316 and 38o). 
The interference effects produced by two plane parallel plates 
had previously only been minutely examined for the case where 
the light is reflected in the same plane from both jdates. Blasius 
discusses the more general cases, and arrives at formuhe for the 
distances between the bands for various angles between the 
plates and for unequally thick plates. These formulm have been 
tested by E. Schmidt, who establishes their validity. ( Wied. An?i., 
xlvi. 1.) 

Contributions to the theory of the visibility and orienta- 
tion of interference fringes are also made by C. Fabry and Mac4 de 
Lepinay {Jonrn, de Ph. [2], x. 5), and C. Fabry {Journ, de Ph, 
[3], i. 313) ; and on the visibility of Newton’s rings when formed 
between a prism and lens by M. G. Meslin {Journ. de Ph. [3], i, 
332.) 

DiflTractioii. 

Hermuzescu describes some effects of diffraction obtained by 
examining by Gouy’s method, but with a mucli more strongly 
magnifying microscope, the fringes formed by a very carefully 
worked sharp and straight metallic edge in a parallel beam of 
light. Outside the limit of ordinary diffraction, and within the 
geometrical shadow, a luminous band whose dimensions increase 
with the magnifying power of the microscope is observed in the 
dark field of view. By careful adjustment of the microscope, 
this band is seen to be traversed by extremely fine black lines, 
parallel to the border of the screen. These minima are observable 
under all deviations, and their colour varies with the deviation. 
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The colours of greater wave-length become predominant when the 
deviation or the thickness of the edge increases. The colonra- 
tion depends on the nature of the metal forming the screen. 
Witli copper the colour is red as soon as the deviation reaches 
about 40^ ; with brass it is orange-red. Steel gives less definite 
tints, and zinc a slightly bluish tint. The diffracted light within 
the geometrical shadow is partially polarised in a direction 
parallel to the edge of the screen. This polarisatio]i becomes 
complete with a deviation of 100°. If the incident light is 
polarised in a direction parallel or perpendicular to the edge, the 
diffracted light remains so likewise ; but if the incident light is 
polarised obliquely to the edge, the diffracted light is elliptically 
polarised, and as the deviation increases the ellipse becomes 
more and more elongated, and its greater axis tends to set itself 
perj)eiidicularly to the edge. 

Sensibly the same effects were obtained with dielectric 
screens (ebonite and vulcanised fibre), but the polarisation 
was less complete and the elliptic polarisation could not be 
observed. These phenomena are not explicable on Fresnel’s 
theory, at least on the assumption that the phenomena are due 
to refraction at the extremely thin edge of the screen. On this 
supposition the elliptic polarisation can be accounted for on 
MacCullagh’s theory, and the experimental facts of Faraday, that 
light refracted by thin metallic films is elliptically polarised. 
In the electro-magnetic theory the explanation is easier, {\s 
Poincar^ has shown for the case of screens formed from perfect 
conductors. {Comptes Jtendus, cxiv. 465.) 

Rotatory polarisation. 

E. Bichat describes an interesting experiment illustrative of 
the production of the phenomena of rotatory polarisation. It is 
well known that the dielectric between the two plates of a flat 
condenser which is electrically charged behaves as a doubly 
refractory crystal, the axis of which is parallel to the lines of 
electric force. If, then, a series of small condensers are placed in 
a dielectric liquid, such as carbon bisulphide, and arranged one 
after the othcu' so that the lines of force make angles which 
successively differ by a constant amount, the lines of force of the 
last condenser being parallel to those of the first, a symmetrical 
])ile is formed, aimlogous to the pile of mica plates of Reusch. 
To practically realise this pile, and to fulfil the further condi- 
tion that the angle between the lines of force of successive con-* 
densers shall be indefinitely small, Bichat unites all the elementary 
condensers into a single condenser, the armatures of which are* 
made in the form of conoids. When this condenser is charged, 
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a rotation of the plane of polarisation is produced in light which 
passes between its coatings, which is in the same direction as 
that in which the lines of force successively turn, and which 
can be compensated by a solution of sugar of suitable thickness. 
The rotation which was obtained by a given difference of poten- 
tial of the plates of the condenser agreed well with the value 
calculated theoretically from Kerr’s constant. (Rev. Gen. des. Sc., 
iii. 548.) 

Direction of the vibrations in polarised li^ht. 

P. Drude and W. Nemst, as part of a general inquiry on the 
questions whether (1) stationary light- waves produce maxima 
and minima of modes of action, and whether (2) the maxima and 
minima of action for one and the same stationary wave coincide 
for the kinds of action in question, have made an experimental 
investigation of the fluorescent action of stationary light-waves. 
It was necessary to produce a film which while fluorescent should 
have a thickness of only a small fraction of a wave length. This 
was accomplished by means of a solution of gelatine (1 : 600) 
containing, before drying, fluorescein in the concentration 1 : 500. 
With this films of from to ^’oth of the mean wave length of 
white light were easily produced. From th6 experiments the 
conclusion is drawn that stationary light-ivaves have maxima and 
minima of fluorescent action^ and that the maxima of the fluores- 
cent action of stationary light waves couicides with the maxima 
of their photographic action. To render this result certain, ex- 
periments were made with waves which, as in Wiener’s experi- 
ments, intersected at right angles. Of the two bands incident 
on the gelatine film, only one showed dark bands, while the other 
was quite clear. That image produced bands in the fluorescent 
light in which the plane of polarisation coincided with the plane 
of incidence. Further observations showed that that light-vector^ 
in the ventral segment of which the maximum of fluorescence lies^ 
vibrates transversely to the plane of polarisation. The authors 
also advance theoretical reasons for coming to the conclusion that 
it is also probable that the heating effect of stationary light-waves 
coincides with the fluorescent and photographic effects. (Wied* 
Ann., xlv. 460.) 

Chemical action of light and colour photography 

Q. Lippmaxm has been continuing his researches in photography 
in natural colours, with the view to improvements in the 
sensitiveness of the photographic films and in their ortho- 
chromatism. This he has succeeded in doing by using albumen 
bromide of silver films, rendered orthochromatic with azalin and 
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cyauin. With these films he obtains brilliant photographs o£ 
spectra, in which all the colours, even the red, appear at once 
without the use of coloured screens, and after an exposure rally- 
ing from five to thirty seconds. On two of the plates obtained by 
him the colours seen by transmission are very plainly comple- 
mentary to those seen by reflection. In others, diverse objects 
such as a stained-glass window, a group of draperies, a plate of 
oranges surmounted by a red poppy, a many-coloured parrot, are 
faithfully represented both in form and colour. The draperies 
and the bird required from five to ten minutes’ exposure to the 
electric light or sunlight. The others were obtained after several 
Iiours’ exposure to diffused light. The green of foliage and the 
grey of the stone of a building are perfectly produced on another 
plate, but the blue of the sky is shown as indigo. There remains, 
therefore, much still to be done in increasing the sensitiveness of 
the film and in perfecting its ortliocliromatism. (Cornptes 
HenduSj cxiv. 9G1.) 

In a subsequent communication Lippmann shows that bichro- 
mated albumen or gelatine films can be impressed with an imago 
in the same way as the haloid silver films. The image is, how- 
ever, only visible when the film is moist, as its production depends 
on the differences in lefraction of light thin layers of the film, 
alternately absorbent or non-absorbent of water. When the films 
are dry no image is visible. In the case of bicliromated gelatine 
simple breathing on it suffices to bring out the coloured image. 
(Compfes Rendns, cxv. 575.) 

H. Krone communicates some conclusions to which he has been 
led by an attempt to photograph the solar spectrum and the 
spectrum of the arc-light after the method of Lippmann. He 
finds that the first essential for the success of the experiment is a 
completely homogeneous film and a reflecting surface in contact 
with it, the reflected rays of which interfere with the directly 
incident light and produce stationary waves in the film. If the 
film is too thick, either the colours do not appear at all, or they 
are changed to a different wave-length. Thus at places in the 
film where dust-particles have produced comet-like markings in 
the film of irregular thickness variegated colours are seen. The 
faithful and locally- correct rendering of the colours of the 
f>pectrum is not absolute, but only relative, and depends especially 
on (1) exact accord between the finely-divided haloid silver in the 
film and the colour sensitiser and its application, (2) the degree of 
warmth in drying the film, (3) the duration of exposure, and (4) 
the development. The waves of the incident rays will only give 
ris^ to waves of the same length on the fulfilment of completely 
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definite conditions in the stationary waves produced by their 
interference. If these conditions are not present, other colours 
appear. A larger or .smaller quantity of moisture remaining 
in the film affects the result. Also that the spectrum colours 
should all be simultaneously and satisfactorily represented, the 
sun must not be too near the horizon. When the illumination is 
sufficiently strong, the ultra-red rays outside the line A, which are 
invisible to the eye, appear in the photograph as dark purple ; 
the ultra-violet outside the ii group as yellowish rosy-red 
lavender. Within this ultra-violet part there appears in the 
spectrum of the electric arc a highly -intense maximum of light, 
separated from the h lines by a colourless group of carbon line 
With sufficient intensity of illumination this appears deeper and 
more intensely dark-blue than the indigo-blue of the solar 
spectrum. The direct comparison of the actinic intensity of the 
light of the electric arc which was used, when the arc was at a 
distance of 36 cm. from the slit of the spectroscope, and direct 
sunlight at midday in the middle of April, with a clear sky, gave 
a ratio of 1 to 38 or 40. 

Krone states that he considers that only by the use of the 
mercury-mirror, as used by Lippmann, is it possible to represent 
all the colours in the photograph of the visible spectrum 
simultaneously and in their proper positions. Ho has succeeded 
in photographing the spectrum without the mirror, which was 
replaced by black velvet, by utilising the to-and-fro reflections 
from the inner sides of the glass plate. As the reflective action 
is not so intense, longer illumination is required, and, owing tj 
spreading by repeated reflection, the colours are not as pure as 
when a mirror is used, except in the blue, violet, and ultra-violet. 
This action takes place also when the miiTor is used but is over- 
powered by the stronger action of the mirror. Still, it must tend 
to render the colours less pure, especially if the duration of 
illumination is much prolonged. {Wied, Ann.^ xlvi. 426.) 

M. Carey Lea has previously shown that AgCl and AgBr could 
be acted upon by heat, mechanical force, electricity, chemism, as 
well as by light, so as to form an invisible image capable of 
development. •It liad not, however, been shown that mechanical 
force was capable, like the other actions named, of disrupting tht‘ 
molecule without external .aid. This he has now shown to be 
possible, and thus it may be concluded that any form of energy 
capable of disrupting the molecule. The experiments consisted in 
subjecting AgCl, AgBr, and Agl, both to simple pressuio and 
to sheai'ing stress. In the former case the salt, prepared ancl 
washed in non-active light, was subjected to a pressure of 
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100,000 lbs. per square inch between pieces of platinum foil, and 
became thereby changed in colour to deep greenish-black. The 
platinum foil remained bright. In the latter case the salt was 
triturated for some time in a mortar, and became changed in 
colour to the familiar chocolate-purple tint, very different in 
a 2 )pearance from the greenish-black colour produced by pressure. 

The thermochemical relations of silver have been shown by 
Berthelot to be endothermic. Thus an endothermic reaction can 
be brought about by simple pressure. {Phil. May. [5], xxxiv. 46.) 

H. B1 Elder has made an attempt to apply thermodynamical 
reasoning to the action of light on silver chloride. Assuming 
that the pressure of the liberated chlorine is a function of the 
illumination or intensity of light falling upon the chloride, in the 
same way as the pressure of a saturated vapour is a function of 
the temperature, the chlorine in the presence of silver chloride 
and protocliloride is regarded as the working substance in a 
“light engine,” and a Carnot’s cycle is performed on the sub- 
stances at constant temperature, the variables being p, v, and the 
illumination. As this cycle is analogous to Carnot^s, except in 
the change of illumination for temperature, it is inferred that the 
efficiency is a function of the illumination. Tlius the cycle may 
be applied to determine an absolute scale of illumination. 
{Electrician^ xxviii. 545.) 

Colour and colour visiiion. 

The council of the Koyal Society in 1890 appointed a com- 
mittee, of which Lord Rayleigh was chairman and Captain Abney 
the secretary, to consider the question of testing for defective 
colour vision. The committee have presented their report, and in 
it they give as the result of the inquiry a series of twelve recom- 
mendations for the proper testing, both for colour and form, of all 
candidates for emjdoyments “the tilling of which by persons 
whose vision is defective either for form or colour, or who are 
ignorant of the names of colours, would involve danger to life and 
property.” In setting forth the reasons on which the recom- 
mendations were based, the committee enter somewhat fully into 
the characteristics of congenital colour-blindness, colour-blindness 
produced by disease or injury, and defective coloiA-- vision. 

In discussing the explanation of such cases, the committee 
consider two theories, the trichromatic theory or Young-Helmholtz 
theory, and the theory of Hering, but without coming to any 
decision between them, as both theories present difficulties. A 
suggestion is offered that the action of liglit on the retina is to 
produce chemical changes in the condition of certain substances 
ill the retina having different ranges of sensitiveness lo light 
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vibrations. If it be conceded that the retinal substance acted 
upon by light is a mixture of three analogous compounds, each 
having a maximum sensitiveness at a different point of the spec 
trum, the three fundamental sensation-curves of the Young- 
Helmholtz theory can be accounted for. 

The report also contains an account of the examination of 
various methods and apparatus for testing colour- vision, and of 
the evidence given by experts in colour-vision testing. The 
committee consider that the tests of the Board of Trade and the 
method of applying them are necessarily open to the gravest 
objection. Very few of the railway companies have any adequate 
system of testing. The tests carried out by the Royal Navy are, 
however, most efficient. The test of colour-vision recommended 
is that of Holmgren, the set of wools being approved by a central 
authority before use, especially as to the correctness of the three 
test colours, and also of the confusion colours. If this test be 
satisfactorily passed, it should be followed by the correct naming 
of colours such as are employed for signals or lights, and also 
white light. The tests for form should be those of Sneller, 
carried out as laid down in one of the appendices to the report. 
{Proc, Roy. Soc., li. 381.) 

W. Rutherford, in the presidential address in the section of 
biology at the British Association meeting at Edinburgh, reviews 
tlie various theories which have been advanced to account for colour- 
vision, and criticises them with respect to the phenomena of colour- 
blindness and contrast colours. 

In answer to the inquiry, Do the nerve impulses arise from 
mere vibration, or from chemical change in the molecules of the 
nerve terminal, Rutherford considers that the photo-chemical 
hypothesis has much in its favour. The difficulty of total colour- 
blindness may be mot by supposing that colour-perception has 
not been developed in the corresponding portion of the vision 
centre, while partial colour-blindness is due to the defect of 
that one of the substances in the retinal structure which by its 
decomposition gives rise to the missing colour sense. 

W. de W. Abney discusses the subject of colour-blindness in a 
lecture to the Society of Arts. He describes the phenomenon of 
colour-blindness on the Young-Helmholtz hypothesis, and explains 
cases of monochromasy by reference to the unequal extinction of. 
different kinds of light when reduced in intensity. {Jour. Soc. 
Arts, xl. 676.) 

W. Pole, whose observations on his own case of colour-blind- 
ness were amongst the first that were accurately made, has com- 
municated to the Philo8op?dcal Magazine some supplementary 
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ditails ill complelion of Lis former paper, published in 1859 
ill the PhiL Trans, In this he describes the results of examina- 
tion of four cases of dichromic vision, and some indirect 
evidence as to the well-known case of Dalton. To represent 
the impressions recei\ed in dichromic vision, Pole constructs, 
after the Newton-Maxwell method, a colour-map built on a 
fundamental triangle, at the corners of which are the two 
j^rirnary dichromic sensations, which Pole calls yellow and blue, 
and the sensation of their equilibrium, white. A fourth point 
in the same plane is then found to represent their negation, 
black. The nature of any sensation can then be represented by 
a point on the map and its relations to the primary sensations 
made evident graphically. Dr. Pole also describes the dichromic 
view of the spectrum. In his own case the spectrum is not 
shortened at either end ; it is coloured most vividly, the one 
division being occupied by various modifications of his less 
refrangible colour, yellow, and the other division by precisely 
similar and symmetrically arranged modifications of his more 
refrangible colour, blue. 

The colours gradually merge into each other, becoming fainter 
and paler as they approach the neutral point between them. 
Tlie neutral point, which is not a distinct line or colourless band, 
is situated at about the wave-length 500 (blue-green) in Pole\s 
case, but it varies somewhat for clitferent persons, and even for 
the same person with difierent lights. Outwards from their 
maximum the colours diminish in luminosity gradually, but retain 
their saturation fully to the end. The higli saturation of the 
dark yellow gives so novel an eflect as to lead dichromic patients 
to believe they see a third colour there. Tliis error was fallen 
into by Dalton, and was the cause of the long delay in the general 
reception of Herschers dichromic interpretation. {Phif, May, 
[5], xxxiv. 100.) 

In a second paper Dr. Pole gives an account of Donders’ theory 
of colour-blindness, which, although published in 1880, is still 
but little known in this country. Donders considers that our 
natural impressions point to four “ simple ” colours — red, yellow, 
green, and blue ; but he believes these sensations are caused by 
the combinations of three more highly- saturated fundamental 
energies corresponding to red, green, and violet. In the various 
forms of colour-blindness there is no reason for supposing that 
the colours wanting are the fundamental ones of the normal 
system. The retina is an organic whole, in which one of the 
three activities cannot be absent without the defect having an 
influence on the other two. Therefore, dichromic vision does not 
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consist simply of two of the energies of trichromic vision. 
Donders considers that the examination of colour-blindness 
proves that the white light of tlie colour-blind is neutral, colour- 
less, and that their two colours, warm and cold, are comple- 
mentary. In red-blindness the colours are yellow, inclining 
towards green and violet; and in green-blindness, yellow inclin- 
ing towards red and blue. 

Donders puts forward a theory of colour-vision which is based 
on the evolution of the colour-sense. In the normal eye full 
colour perception exists only in the central portions of the retina ; 
around this is a zone which is dichromic, and outside this total 
colour-blindness. These are held to represent successive stages in 
the development of colour-seeing power, viz. (1) a chromic vision 
of light and shade only ; (2) dichromic imperfect vision, with 
shortened spectrum, and low sensitiveness to the long- waved 
rays (red-blindness) ; (.3) dichromic perfect vision with longer 
spectrum and full sensitiveness to the long, waved rays (green- 
blindness) ; (4) trichromic \ ision wdth low sensitiveness to certain 
colours; (5) trichromic perfect vision. Thus colour-blindness is 
on this view only an imperfect development of normal vision. 
(Phil. Mag. [5], xxxiv. 439 ) 

A. Konig and E. Bitter have made an attempt to obtain curves 
of the distribution of brightness in the spectrum for each of 
several degrees of brightness, both for their own eyes, one normal 
trichromic (K) and one red blind (R), and for those of some 
other observers. The comparisons were made against a constant 
surface whicli contained light of the wave-length 535 jig (thallium 
green). The lowest degree of illumination was such that the 
observer had to be at least a quarter of an hour in aVjsolute dark- 
ness to perceive it at all. The brightest was 262,144 times as 
great, corresponding for K's eye to the illumination of a white- 
paper surface by 600 candles, one metre off when viewed through 
a diaphragm of 19 mm. aperture. The principal results obtained 
by the various observers are summed up in the following state- 
ments, in which all the data refer to the dispersion spectrum of 
gas-light. ^ 

(1) For all observers, trichromic, green-blind, and red-blind, 
the curve of brightness had iilmost exactly the same form for the 
darkest shade, and it was that which has been observed by 
Donders, Hering, Dieterici, and Konig, for greater degrees of 
brightness in congenital monochromacy. Its maximum was at 
635 /u^. 

(2) As the brightness increases, the wave length of the 
maximum increases with trichromic vision at first slowly, then 
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more rapidly, and finally slowly again. With the highest degree 
of brightness it reaches 610 /n/i. 

(3) Green-blind vision appears to exhibit the same phenomena 
as the trichromic. 

(4) In red-blind vision the maximum moves at first towards 
the long wave-length ; with mean illumination it attains to the 
wave-length 570 /le/i ; it then remains stationary for higher degrees 
as far as the observations extend. 

The statement (1) was predicted by Hering and was also 
observed shortly before the publication of these investigations. 
Nevertheless, it cannot be regarded as a proof of the correctness 
of Bering’s theory for the distribution of brightness if the spec- 
trum in individual cases is unchanged when by certain pathological 
processes the real sensation of colour is lost, and only the sensation 
of black-grey-white remains. {Phil, Mag, [5], xxxiii. 54.) 

A. Chauveau considers that there exist distinct nerve centres 
for the perception of the fundamental colours of the spectrum, 
one for the green and probably others for the red and violet. Of 
these the green centres are those which first regain their activity 
on awakening, so that objects appear for a moment illuminated 
by a bright green light. {Comptes Rendus^ cxv. 908.) 

W. de W. Abney in a preliminary note of a part of a paper on 
Colour Photometry communicated to the Royal Society, describes 
a method by which colours may be accurately numerically 
registered. Three rays are selected in the spectrum, one in the 
red R (between 0 and the red Li line), one in the green G 
(between F and b), and one in the violet V (on the H side of and 
near to G). By varying the luminosities of these three rays and 
mixing them, the same impression can be given to the eye that 
any compound colour gives. Also by mixing them in the proper 
proportion the impression of a standard white can be given to the 
eye. Thus by subtracting from the luminosities which form the com- 
pound colour amounts necessary to make white light, the compound 
colour may be expressed in terms of two of the three selected 
rays and a proportion of white light. If the two remaining 
rays are G and V, or R and G, since th^ intermediate 
spectrum colours from G to V, when slightly diluted, are 
imitated by mixing G and V in proper proportions, and 
similarly for those between R and G, any combination of G and 
V, or of R and G, can be further reduced to one spectrum colour 
and white light. Thus finally the compound colour in question 
can be reduced to a single spectrum colour plus white light. In 
the case where this process would leave as the two remaining 
rays R and V, since there is no part of the spectrum which con- 
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tains simple colours giving the same sensation as mixtures of V 
and R, instead of subtracting the constituents of white light from 
the luminosities of the three selected rays which make up the 
compound colour, these luminosities are subtracted from a suitable 
propoi*tion of white light so as to leave only two colours, which 
will be either R and G, or G and V. Therefore, in this case the 
compound colour is reduced to wliite light minus a single spectrum 
colour (which is, of course, its complementary). 

Thus the hue and luminosity of any colour, however com- 
pounded, can be registered by reference to white light and a 
single ray of the spectrum, which is termed the dominant ray, 
and the practical determination of which is easily made by Abney 
and Festing’s colour-patch apparatus. The determinations by 
this method of the hues and luminosities of the coloured paper 
discs used in the MaxvvelPs colour top experiment, renders the 
use of these discs far more accurate and definite than if they an^ 
simply used as indeterminate colours. For since the sum of 
the luminosities of any colours is equal to the luminosity of 
the same colours when integrated, it follows that when using 
the discs the dominant rays are really mixed and the wliitc 
light inherent in each can be deducted, {l^roc. Roy, Soc., xHx. 
227.) 

S. P. Thompson, in a paper read before the London Physical 
Society, showed that, just as wliite light can be split up into two 
“ complementary ” colours, so also any coloured light, not mono- 
chromatic, can be split up into pairs of tints, which the author 
terms supplementary ” colours. These are formed when in any 
of the usual arrangements for producing complementary colours 
on the screen a coloured medium is interposed. A great variety 
of tints can thus be obtained from a single medium, and one of 
the supplementary patches can always be got of a greyish hue 
and the other nearly a pure spectrum tint. Prof. Thomson thus 
verifies Abney’s law that any colour can be produced by diluting 
some spectrum tint with white light. {Nature^ xlv. 452.) 

W. Baily utilises the above-mentioned Abney’s law to construct 
a colour-map. In this map the ordinate of a point, taken along a 
vertical line on which is marked the succession of spectrum 
colours, is made to represent the spectrum colour by its wave- 
length. Abscissae measured to the right of the vertical line 
represent amounts of white light to be added to the spectrum 
colour ; those measured to the left the quantity of white light 
produced by the addition of the spectrum colour to the colour 
indicated by the point. Three curves are drawn to the left 
of the spectrum line, the absciss® of which represent arbitrarily 
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the proportions of the three primary colours present in the 
corresponding spectrum. The map is further developed by 
the author, and an experimental method suggested, by which 
the proper proportions of the primary colour sensations at the 
various parts of the spectrum may be determined. {Phil, Mag, 
[5], xxxvii. 496.) 

The rainbow. 

Mascart, in the Comptes Rendus^ gives an interesting explana- 
tion of the “ white rainbow, also called ‘‘ Ulloa’s circle.” This is 
a circular bow, white or only slightly tinted, the radius of which 
may be as small as SSI"", instead of 40°, as in the ordinary rain- 
bow. The hypothesis, originated by Bravais, which attributes it 
to the reflections and refractions of light in vesicular water drops 
appears quite improbable. The diminution of the radius is easily 
explained by the displacement, in proportion as the diameter of 
tlie water droplets diminishes, of the first maximum of the 
interference fringes which produce the supernumerary bows. 
The enfeeblement of the colour is due, in part, to the simultaneous 
existence of droplets of diflfereiit sizes, the fringes of which over- 
lap ; but this explanation is incomplete. Mascart has recently 
had the opportunity of observing a bow, nearly white, with a 
slight tinge of red on its outer border, the radius of which was 
36^°. Without being able to measure the water droplets, it 
seemed, nevertheless, that they were sensibly uniform in size. 
The disappearance of colour pointed, therefore, to the extension of 
the interference fringes. In this case the relative intensities of 
the different colours preserve for a sufficient time equal values, 
and the bow aj)pears sensibly achromatised at least in certain 
points. This conclusion Mascart has verified by calculation from 
Airy’s forinulfe, and he finds tliat when the diameter of the 
drojdets is 30 microns {ix , thousandths of a millimetre, 
symbol p) the achromatism is most perfect. As observation 
shows that the diameters of the droplets of clouds and mist 
varies from G to 100 microns, circumstances favourable to the 
production of the white rainbow are very frequent. The enfeeble- 
ment of the colours occurs even when the diameters of the droplets 
differ considerably from those which corresponcf to the most 
perfect achromatism, but it persists longer when the diameter 
diminishes. If regard is had to the apparent diameter of the sun, 
which enlarges all the fringes, and to the mixture of droplets of 
slightly different sizes, which makes them overlap, it seems that 
the rainbow may appear absolutely white, save for a reddish tinge 
on the outer edge, and without any trace of supernumerary 
fringes. {Comptes Rendus^ cxv, 429 and 453.) 
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Aberration, and the connection between ether and 
matter. 

In the ‘‘ Year-Book ” for 1891 an account was given of the 
preliminary results of some experiments by o. J. Lodge on the 
effect of moving matter on the ether in its neighbourhood. Dr. 
Lodge has now given a full account of his experiments in a 
communication to the Royal Society, in which he discusses 
generally the question of aberration and the connection between 
matter and the ether and the motion of the ether near the earth. 
(Proc. Poy, Soc.y li. 98.) He has also treated of the same subject 
in a Friday evening discourse at the Royal Institution {Nature, 
xlvi. 497), and in a communication to tlie Physical Society he 
gave an historical summary of the present state of our knowledge 
of the connection between ether and matter. {Nature, xlvi. 164.) 

The question which Dr. Lodge sets himself to consider is 
whether the earth drags some ether with it, or whether it slips 
tlirough the ether with perfect freedom ; in other words, whether 
the ether is wholly or partially stagnant near the earth, or 
whether it is streaming past with the full terrestrial velocity of 
nineteen miles a second. In discussing this question, the nature 
of aberration, and of Doppler’s effect, and their relations to 
motions of source, medium or receiver, are fully considered. The 
result of this discussion is to show that — (1) Source alone moving 
produces a real and apparent change of colour ; a real, but not 
apparent, error in direction ; no lag of phase except that 
appropriate to altered wave-length; a change of intensity corre- 
sponding to different wave-lengths. (’J) Medium alone moving, 
or source and receiver moving together, gives no change of colour ; 
no change of direction ; a real lag of phase, but undetectable 
without control over the medium ; a change of intensity corre- 
sponding to different distances, but compensated by change of 
radiating j)Ower. (3) Receiver alone moving gives an apparent 
change of direction ; no change of phase, except that appropriate 
to extra virtual speed of light ; change of intensity corresponding 
to different virtual velocity of light. Thus motion of the medium 
is incomj^etent to produce any aberrational or Doppler effect, and 
hence arises the difficulty of ascertaining whether the general body 
of the ether is moving relatively to the earth or not. Stellar 
aberration exists, but it is due to motion of observer and of 
observer only ; and when the observer is stationary with respect to 
object there is no aberration at all. Hence surveying operations 
are not affected by the existence of a universal ether drift, and 
they therefore afford no means of detecting it. 

"if the ether behaves as a perfectly frictionless inviscid fluid. 
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SO that the earth carries no ether with it at all, then all rays will 
be straight, and aberration will have its simple and well known 
value. But in such a case glass and other transjiarent terrestrial 
bodies would have the ether streaming through them with an 
enormous velocity, and differences of refraction of light through 
them should be produced when the direction of this stream is 
varied. Experiments in this direction by Arago, Maxwell, 
Mascart, and others, have failed to yield any but negative results. 
From this it would seem as if the ether must be stagnant — i.e,, at 
rest relatively to the earth. 

The experiments of Fizeau and Michelson on the effect of 
moving water on the velocity of light show that the light is 
accelerated or retarded to an extent of approximately half the 
speed of the water according as its direction coincides with, or is 
opposed to, that of the motion of the water. These experiments 
support FresneFs hypothesis that only the excess of ether which 
the substance possesses over that of surrounding space moves 
with the body. On this supposition the effects of altered refrac- 
tion and ether drift compensate each other, and so the experiments 
become explained. Glazebrook has shown that it is not necessary 
to suppose, as Fresnel did, an extra density of the ether in the 
moving mattei'. To modern ideas the loading of the ether by the 
presence of matter is more likely to be correct, and tlie observed 
effects of relative motion are regarded as the result of secondary 
reactions of matter on ether. On this view the ether of space 
may be wholly unaffected by the motion of matter. Fizeau’s 
exjieriment, however, raises a difficulty from another point of 
view ; for the velocity of light through a transparent body moving 
with the earth .should be accelerated or retarded according to the 
direction of the ether stream. This effect has been sought for by 
interference methods by Babinet, Hoek, Jamin, Mascart, and 
others, but again with negative results. It would therefore seem 
as if the ether must be stationary relative to tlie earth. 

To reconcile these experiments, Dr. Lodge supj>oses the ether 
to be either stagnant or to have a velocity potential. The velocity 
potential condition is shown to involve FresnePs l^w as a special 
case, and it is capable of reconciling the experiments made. All 
of these are consistent with absolute quiescence of the ether 
near moving bodies, or with relative quiescence near the 
earth's surface. They may be said* perhaps to be inconsistent 
with any intermediate position. The velocity |X)tential condition 
being granted, and nothing of the nature of viscosity being 
admissible, the theory becomes very simple, and the results of 
all the interference, refraction, and aberration experiments could 
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be predicted. It can then be inferred that no first order optical 
effect due to terrestrial motion can exist in a detectable form. It 
is always compensated by something else. Quantities of the 
second order of magnitude must therefore be attended to — that is, 
quantities depending on the square of the abeiration magnitude a 
These show that the velocity of light along the ether drift shoul I 
differ from that across it in the ratio — dr : 1. This has been 
tested by Michelson, but nothing approaching a quarter of the 
theoretical effect was observed. This negative result would seem 
to preclude any relative motion between the earth and ether. On 
the other hand, Dr. Lodge’s experiments on the rotation of stet 1 
discs show that the ether is not affected by the motion of con- 
tiguous matter to the extent of of the velocity of the matter. 
In these expfu-iments a parallel beam of light is sjdit into two by 
a semi-transparent mirror (as in Michelson’s experiment), con- 
sisting of a piece of glass vciy thinly silvered, so that it lets half 
the light through and reflects the other half. The two halves of 
the split beam are then reflected round and round in opposite 
directions between the two rapidly re\ol\ ing steel discs. After 
thus travelling 20 or 40 feet, they are allowed to meet and 
produce interference bands. No real rev(*rsible shift of the bands 
due to the motion of the discs could be found. The motion of the 
discs does not seem to disturb the ether in the least. Thus the 
two experiments are at present in conflict. It may be that 
enormous masses like the earth act on the ether gravitationally, 
straining it so as to j)roduce the same K>rt of efl’ect as if they 
dragged it with them. Dr. Lodge proposes to repeat the experi- 
ment with larger revolving masses, and also to try the effect of 
a strong magnetic field. 

Lord Rayleigh, in thf3 pages of Sature (xlv. 499), publishes an 
interesting article on aberration, in which the subject is treated, 
as in Dr. Lodge’s papers noticed above, from a general point 
of view. On the whole Lord Rayleigh consideis Fresnel’s hy- 
pothesis of a stationary ether to be the more probable, but the 
question must be considered an open one. 

H. A. Lorentz also discusses the subject in a communication to 
the Academy of Sciences of Amsterdam. He suggests as a 
possible explanation of Michelson ’s results that the dimensions of 
a solid body are not absolutely invariable, but depend on the 
direction of the body with regard to the motion of the ether 
through it, and that therefore the changes in length of the 
metallic arms of Michelson s apparatus, or of the stone basis, may 
have compensated the difference of time of j>assage of the light in 
the two mutually rectanguhu- directions. {Her, Gen. des Sc., iii. 838.) 
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ELECTRICITY. 

By H. H. HOFFERT, D.Sc., Assoc. R.S.M. 

Reference has already been made above to the important step 
taken by the British Association Committee in convening an 
International Conference on Electrical Standards. The result of 
this conference, when its resolutions are adopted generally, as no 
doubt they will be, and legalised by the various governments, 
w'ill be the substitution for the time-honoured B. A. ohm, and the 
too- hastily adopted “Legal ohm,” of a new ohm, the value of 
which is probably so near the true ohm that, for all practical 
purposes, the two may be assumed to be equal. 

Considerable progress continues to be made in the investiga- 
tion of the phenomena of the propagation of electro-magnetic 
waves, so brilliantly inaugurated by Hertz. The researches of 
the French physicist, Blondlot, in this subject are specially 
worthy of attention. Hex'tz^s own researches are now accessible 
in a collected form, and an English translation of his book is 
about to appear. 

Considerable advances have also been made in the study of 
the passage of electricity through gases at various stages of 
exhaustion. The brilliant experiments of Tesla, to which refer- 
ence was made in the “Year-Book” for 1891, have been repeated 
in this country, and have created a widespread interest. The 
new held of research, opened by Crookes, in which Tesla is 
working, promises to be one of great fruitfulness in new dis- 
coveries. In particular, it is not too much to expect that 
the maintenance of electro magnetic vibrations, sought by Prof. 
Fitzgerald, may be achieved before long. A fuller account of 
Tesla's experiments than appeared in the last “ Year-Book ” will 
be found below. 

Electrical iinitf^ and standards. 

The International conference convened by the Electrical 
Standards Committee of the British Association had before them 
the question of defining, in the light of the latests determinations 
of the values of the ohm, ampere, and volt, the standards of the^e 
electrical quantities which should be recommended for inter- 
national adoption. 

With respect to the standard of electrical resistance, the first 
subject under discussion was the dimensions of a column of mercury 
which has a resistance of one ohm. Professor Von Helmholtz drew 
special attention to the diflSculty of defining the cross section of 
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the column in terms of the square millimetre owing to the 
uncertainty which still exists of the relation between the centi- 
metre and the gramme. He suggested that this difficulty might 
be overcome by defining the mass of the column of given len^h 
which should have the required resistance. Mr. Guilleaume ex-’ 
pressed his concurrence in Helmholtz’s suggestions, and gave the 
results of recent experiments at the Bureau International des 
Poids et Mesures on the relation of the gramme and the centimetre. 
It was therefore resolved to define the mass in such a way that 
assuming the mass of one cub. cm. of water to be one gramme, the 
area of cross-section should be 1 sq. millimetre. 

In determining the length of the column, discussion of the 
existing measurements showed that 106*3 cm. might be taken as 
the length with an accuracy of nearly one part in ten thousand 
— an accuracy quite sufficient for all practical purposes in the con- 
struction of a standard. Except in regard to the manner of 
defining the cross-section, this leads to a result agreeing with 
resolution No. 4 of the Board of Trade Committee, which runs 
thus : — “ That the resistance offered to an unvarying electric 
current by a column of mercury of constant cross-sectional area 
of one sq. mm., and of a length of 106*3 cm. at the temperature 
of melting ice, etc., may be adopted as one ohm.*’ 

On the question of the best method of practically realising the 
standard of resistance, the discussion showed that the Board of 
Trade Committee's recommendation that standards of solid metal 
liaving the same resistance as the column of mercury should be 
constructed, verified, and, if necessary, replaced by comparisons 
with the British Association units, would lead to difficulty. It 
was accordingly agreed to omit all reference to the B.A. unit in 
the resolutions ; and as recent experiments had shown that 
mercury tubes and standard coils of wire made by comparison 
with them at various places, agreed to about one part in ten 
thousand, it appears that a standard in solid metal having the 
same resistance as the specified column could be made with all 
the accumey necessary, and be recovered with certainty at any 
future time. The resolutions finally adopted were as follows : — 

(1) “That the resistance of a specified column of mercury 
be adopted as the practical unit of resistance.” 

(2) “That 14’4521 grammes of mercury in the form of a 
column of uniform section 106*3 cm. in length at 0" C. be the 
specified column of mercury.” 

(3) “That standards in mercury or solid metal having the same 
resistance as the specified column be made and deposited as 
standards of resistance for i!!dustrial purposes.” 
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(4) “ That such standards be periodically compared with each 
other, and also that their values be redetermined at intervals in 
terms of a freshly set up column of mercury.” 

(The number 14’4521 in resolution (2) is arrived at by multi- 
plying the length 106*3 and nominal area 0 01 sq. cm, of the 
column by 13*5956, the specific gravity of mercury.) 

On the question of the standard current it was agreed that the 
clause of the Board of Trade report — That an unvarying 
curre'iU^ which^ when passed through a solution of nitrate of silver 
in water ^ in accordance vnth the specification attached to the 
report^ deposits sihcr at the rate of 0*001118 of a gramme per 
second, may be taken as a current of 1 amphre ” — expressed the 
result of experiment with all the necessary accuracy, and should 
be accepted. 

The Clark cell was adopted as the practical standard of E.M.F., 

Recent values found for the E.M.F. of the cell vary w ithin the 
narrow limits 1*4338 to 1*4345, the majority V)eing near the 
number 1*4340. It w as agreed that the value 1*434 volts at 15^ C. 
might be taken as the E.M.F. of the cell. {Electrician, xxix, 
447, 462.) 

R. T. Glazebrook and S. Skinner describe some recent experi 
nients by lx)rd Rayleigh s method on the E.M.F. of the Clark cell. 
Assuming the B.A. unit to be 0*9866 ohm, the results gave the 
E.M.F. as 1-4342 volt at 15"’C. ; or 1*4324 volt at 62^F. The 
temperature variation was found to be 0*000755 per 1° C., a result 
j)ractically identical with Lord Rayleigh’s. The comparison of 
cells set up at different times by different observers showed good 
agreement. Cells w hich when first set up show ed differences, settled 
down gradually to agreement with the standard. Cells set up with 
ordinary stock mercury were at first much too low, but gradually 
increased and became normal. The mercurous sulphate appears 
able to free the mercury from harmful ingredients. Tlie authors 
discuss the Board of Trade instructions for preparing the cells and 
point out tlie reasons for the precautions there advised. {Proc, 
Roy, Soc,, li. 60.) 

Kahle, at the British Association meeting, gave a summary of 
the researches carried out at the Berlin Reichsans.«ilt on the Clark 
cell. Rayleigh’s H form of cell was used, the + electrode being 
mercury once distilled, and the - electrode an amalgam containing 
10 per cent, of zinc. The latter was poured into the cells as a 
hot liquid, and solidified on cooling. The paste covering the + 
electric was made by grinding mercurous sulphate and mercury 
with* a mixture of crystals and concentrated solution of ZnSO^. 
No heat was used in making the paste. The mercurous sulphate 
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was purchased, and was found never to contain imi)urities of 
noticeable amount. The solution of zinc sulphate was made basic 
by boiling it with rods of pure zinc; the dissolved oxide of zinc 
precipitates on cooling and carries with it the oxides of metals more 
electronegative than zinc. For oxidising the ferrous sulphate 
which is always present, a small current was sent through the 
basic solution between platinum electrodes ; the ferrous sulphate 
was thus converted into insoluble ferric oxide. The H cells thus 
set up never showed a difference greater than Yohoo -^.n 

investigation of the effect of impurities of the Zii, or ZnSO^, showed 
that the foreign ingredients in the latter were of very little 
importance, and that only the presence of free acid alters the 
E.M.F. in a considerable degree. If the zinc is amalgamated it 
is better to dissolve it in the mercuiy, using it then as a solid 
amalgam. The mean E.M.F. of the H cells was 1-4332 volt at 
15°C. ; the temperature coefficient 0*000796 + 0-000014. When 
set up in accordance with Prof. Carhart's directions with Zn80^ 
solution saturated at O'C., the E.M.F. was 1-442 volt at 15' 0. 
Dr. Kahle considers that the H form gives more accuracy, and is 
easier to set up than the original Clark cell, and is therefore best 
adapted for standards. For portable cells Dr. Kahle, in conjunc- 
tion with Dr. Feussner, has devised forms with a porous partition. 
The + pole is an amalgamated platinum plate, placed with the 
surrounding paste in a porous vessel of clay. The Zn rod forming 
the — electrode is protected at the upper part by a ghiss tube ; 
the lower part is covered with crystals of ZnSO^, a saturated solution 
of which salt fills the rest of the glass vessel. The E.M.F. of 
these cells is constant within xoJotf higher by yxSoo 

volt than the H cells. Their disadvantage is the lagging of the 
E.M.F. change behind the temperature change. Attempts have 
also been made to construct portable cells without porous parti- 
tions by using an amalgamed platinum plate and a solid 10 per 
cent, zinc amalgam as electrodes. The E.M.F. of such a cell is 
about Ydiotr smaller than that of the H cells. {Electrician^ 
xxix. 516.) 

See also St. Ljpdeck on the Clark cell in the Zeits, Instr. xii. 1 2. 

A large series of tests have been made by K. Feussner and 
St. Lindeck at the Berlin Reichsanstalt on the applicability of 
different metallic alloys to the construction of resistance coils. 
Alloys containing zinc are condemned on account of gradual 
crystallisation of the zinc. Alloys of Cu and Ni, such as “patent 
nickel,” are more suitable. They have a constant resistance and 
small temperature coefficient. “ Mimganin ” (an alloy of Cu, 3Jn, 
and Ni), when protected by insulation, surpasses all other known 
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alloys in its utility for the construction of standards of resistance. 
Its temperature coefBcient is almost nil, and after a preliminary 
“ ageing ” it has a very constant resistance. {Electrician^ xxx. 
119.) 

A discussion on the nomenclature of electrical units was raised 
at the British Association on a comm unication by Prof. Oliver Lodge, 
in which a number of suggestions were made for rendering some 
of the practical units more convenient in size, and for naming 
electro-magnetic units. With respect to these suggestions, it was 
generally felt that the time had not yet come when a general 
revision of the units could be undertaken with any })rospects of 
finality. {Electrician^ xxix. 371,433,461.) 

Production of electricity by waterfalls, 

Ph. Lenard has made an important contribution to the study of 
the production of atmospheric electricity by the friction of water 
in waterfalls. It has long been known that waterfalls charge the 
air in their neighbourhood with negative electricity. In particular 
Elster and Geitel, in their experiments on the Hohe Sonnblick, 
found the negative electrification observable at a height of 500 
metres over the fall, and they expressed the opinion that the 
])henomenon is due to the action of the normal earth j)otential on 
the dispersing \\ater spray. This conclusion Lenard has been able 
to prove erroneous. I'he air is itself electrified by the descending 
water, and the production of spray is not essential. From 
numerous experiments on the electrification pioduced by water 
falling in drops or jets on to a wetted body, it appears that 
electricity is generated, the water becoming ])Ositively electrified 
while the air escapes negatively charged. When the jets break 
into spray the electrification is more apparent. The charging of 
tlie water when insulated can be made to increase to sparkling 
potential, and the air potential of the room can be brought to 
several hundreds of volts. The nature of the gas is of influence, 
as also that of the liquid. Slight impurities of the w ater diminish 
the eflfect considerably. 

Amongst the multiple phenomena of the motion in a waterfall 
the only active agents are the concussions amongst the water 
particles themselves and against the wet rock, ^he chief place of 
development of the electricity is, therefore, at the foot of the fall ; 
from there the negative electrification of the air spreads out into 
the surroundings, whilst the positive electrification of the water 
goes into the earth. The friction of the water through the air 
and its scattering into spray are electrically inactive. The friction 
against the rock and the fall of earth potential are of only 
Eccondaiy consideration. When air bubbles were driven under 
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water the air electrification was lessened, and the same lessening 
took place when water-spray was present, which separated itself 
under the influence of the air electrification, with an electrification 
of opposite sign. Lenard explains these phenomena by the sudden 
diminution of the water surface, and the convection of the 
negatively- charged air away from the foot of the fall. (Wied, 
Ami., xlvi. 584.) 

J. Elster and H. Oeitel reply to Lenar d’s criticisms in Wied. 
Ann., xlvii. 496. 

Influence mnchines. 

H. Abraham has made a study of a simple type of influence 
macliine suited as much as possible for theoretical treatment, and 
has been able by its means to establish the following propositions: — 
(1) The quantity of electricity yielded by the machine is propor- 
tional to the charge of the inductor ; (2) the yield is also propor- 
tional to the velocity of rotation ; and (3) the observed and 
theoretical values of the yield agree to within one per cent. 
{Jour, de Phys. [3], i. 409.) 

J. Gray read a paper at the British Association, in which he 
describes some graphic methods for the elucidation of the action 
of Maxwell’s machine, by applying reasoning similar to that used 
in Carnot’s cycle in the mechanical theory of heat. The diagram 
of the working cycle is an energy or work diagram in which the 
components are the quantity of electricity and the potential of the 
carrier. This method is applied to investigate the conditions of the 
theoretical efficiency of influence machines. {Electrician, xxix. 
428.) 

Effects of alternating: currents of liigli potential 
and frequency. 

The very interesting experiments of Nikola Tesla on the 
luminous effects produced in exhausted tubes by currents of very 
high frequency, some account of which was given in the “ Year- 
Book ” for 1891 (p 62), have been exhibited in this country by 
Mr. Tesla, at an extraordinary general meeting of the Institution 
of Electrical Engineers at the Royal Institution early in the year. 
The methods wlfich Te.sla adopts for })roducing the very high 
frequencies and j)Otentials he uses are two-fold. In one method 
he sets up vibrations of some hundreds of thousands or millions 
per second in the secondary of a discharge coil, by disrupt! vely 
discharging a condeiiser through the primary. For this purpose 
a disruptive discharge coil is used, in which tlie parts are 
all heavily insulated with gutta-percha and oil. The primary 
consists of two coils, each of 96 turns, of thick gutta-percha-covered 
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wire, which can be connected either in series or parallel. The 
secondary consists similarly, of two coils, of 260 turns each, of 
thinner wire wound in vulcanite sj)ools. The whole is held 
suspended within a wooden box tilled with oil and covered outside 
with sheet zinc. The condenser which feeds the primary is itself 
charged by an induction coil or transformer operated by currents 
of low frequency. The discharger is of special form, and has 
either a single or a multiple air-gap. In the former case the arc 
formed between the knobs is blown out either by a blast of air or 
by a strong electromagnet, so that the fundamental discharges 
may occur in quicker succession. 

Insulated wires connected to the terminals of the disruptive 
discharge-coil are rendered strongly luminous, with streams 
issuing abundantly from the whole surface. On connecting 
a wire circle 30 cm. in diameter to one terminal, and a small 
bi'ass sphere to the other, a hollow luminous cone stretches from 
the sphere to the wire, and one-half of the sphere is illuminated. 
Between two concentric circles of wire connected om^ to each 
terminal the streams form a luminous disc, which may be made to 
co\er an area of a square metre. The higher the frequency the 
more uniform and glow-like do the streams become, so that it is 
evident that luminous discharges, sucli as ordinarily occur in 
vacuum tubes, can take place jit ordinary pressures, or at even 
grciiter pressures, if the frequency is siilhciently high. Thus, if 
the auroia boicalis be procluced, as some suppose, by sudden 
cosmic disturbances which set the electrostatic charge of the earth 
in rapid vibration, it may not be confined to the upj)er raretied 
strata of the air, but may traver.se the denser parts in the form 
of a glow. 

A curious form of discharge is observed when all i>arts of the 
coil are heavily insulated, with only two small spheres, or, still 
better, two sharp discs ex])osed to the air, and the frequency and 
potential are ])ushed to their extreme limit. Misty-white streams 
to which the hand may be approached without sensation spread 
out from the edges of the discs into space. 

The display of .sparks on an insulating plate ^of glass between 
the terminals may be made to cover a plate a square metre in 
area. According to the variation of the capacity the discharge 
may be made uniform, or a fine network of silvery threads, or a 
mass of loud, brilliant sparks. 

By connecting large conducting surfaces to the terminals of 
the coil an electrostatic alternating field can be produced which 
acts through the whole extent of a room, lighting up a tube no 
matter where it is held in space. The incandescence of a button, 
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filament, or wire in a tube can also be obtained by means of inside 
and outside condenser-surfaces, which condense the energy of the 
field on to the small body to be rendered incandescent. Intense 
phosphorescence is excited in a bulb by merely connecting it to a 
plate within the field. Prof. Crookes’s phosphorescent tubes glow 
intensely merely by holding them in the hand and connecting 
the body to the terminal of the coil. 

The radiant matter state in a Crookes’s tube is generally 
associated with the free path of molecules with extremely high 
degrees of exhaustion. But the motion of the molecules in 
straight lines is due not only to the absence of obstacles, but also 
to their high velocity, and this velocity increases with the 
potential. Thus a disrui)tive discharge-coil, when the potential 
is pushed very far, excites pliosphorescence and projects molecular 
shadows at comparatively low degrees of exhaustion. 

llefractory buttons can also be rendered incandescent by 
connecting them to the ends of a sjural of aluminium wire, 
entirely enclosed in a tube, which serves as the secondary to a 
priniary coil outside the tube through which Leyden-jar dis- 
charges are passed. 

But far the experiments on inctandescence in exhausted tubes, 
Tesla prefers his second method of working, on account of its 
regular and positive action. In this the currents from his 
specially-constructed alternator, of a frequency of 10,000 per 
second, 0])erate a small oil-insulated induction coil containing 
from 5,000 to 15,000 turns in the secondary. To counteract the 
effect of the self-induction of the secondary and allow the passage 
of stronger currents, capacity is added to its terminals, and in 
the condensers used for this purpose gaseous matter must be 
carefully kept from the charged surfaces. If Leyden jars are 
used they must be immerse d in oil. For a similar reason 
capacity is also added to the primary circuit and adjusted so as to 
annul the efiect of self-induction of both primary and alternator. 

The refractory body in the tubes — such as a carbon button — 
was usually placed exactly at the centre of the spherical bulb, and 
the energy conducted to it by means of a- leading wire, which 
either had an external connection or was attached to an internal 
condenser surface. The button wiis supported on a short length 
of carbon filament, and this filament and the glass tube stem 
containing the leading-in wire was protected from the molecular 
lx)mbardment by an aluminium tube, separated from the glass by 
several layei*s of thin mica. The refractory body need not be 
electrically conducting. A perfect non-conductor may be rendered 
incandescent by placing it over a conducting core. When heated 
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SO as to become conducting, the bombardment continues in the 
ordinary way ; or the non-conductor may be held in a piece of 
arc-light carbon, against the upper surface of which tlie bombard- 
ment first takes place. When bodies of different kinds are 
mounted in one bulb, the body most easily evaporated or dis- 
integrated eventually takes most of the bombardment to itself. 
A similar effect takes place with even a homogeneous electrode, 
and is the principal cause of its disintegration. To be nio^t 
durable the refractory button must be a sphere with highly- 
polished surface, such as is obtained by fusing at extreme degrees 
of temperature some oxide such as zinconia. Interesting effects 
are obtained with a ruby drop fused by the inc;iiidescence. Of 
all bodies tried, including carbon buttons of all kinds, diamond 
and carborundum — an artificial production used as «a substitute 
for diamond dust for p<»lishing — are the most refractory, the 
latter even lietter than the former. 

A curious feature of alternating currents of very high 
frequency is that they necessitate for many of the experiments 
the use of only one wire. To produce the same result as when a 
return wire is used it is sutficient to bring in contact or near the 
tube an insulated body of some surface. This surface may be the 
smaller the higher the frequency and potential used. 

Space does not permit of further reference to tliese most 
interesting experiments, nor to the author’s speculations as to tlie 
influence they may have on tlie production of light in tlie future 
and the transmission of intelligence without wires. For these the 
reader must be referred to the report of the lecture in the 
Journal of the Institution of Electrical Engineers^ xxi. 51. 

The interest aroused by these experiments has led other 
experimentalists to devote renewed attention to the study of high 
frequency and potential discharges. At the conversazione of the 
Koyal Society Dr. J. T. Bottomley exhibited Teslaic discharges in 
vacuum tubes without electrodes, using only a bichromate battery 
and a small coil. These tubes were made years ago in the course 
of some experiments by Lord Kelvin and Dr. Bottomley, and were 
described in Nature of January 6, 1881. Messrs, fyke and Harris 
showed an inductor dynamo, and a large number of vacuum tubes 
worked at 100,000 volts from an oil insulated transformer. By 
means of condensers formed of large sheets of glass with tinfoil 
coatings, vacuum tubes of various sizes could be run in parallel. 
Mr. Crookes showed many brilliant high-frequency experiments. 
He has given a simple explanation of the flame-like discharges 
obtained with high-frequency discharges. It appears that the 
flame is a true flame, formed by the chemical combination of the 
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nitrogen and oxygen of the air under the influence of the electric 
discharge, with production of nitric acid. The flame is an 
endothermic one : that is, sufficient heat is not developed to 
maintain the combustion, so that energy has to be continuously 
supplied to it. 

At the Crystal Palace Electrical Exhibition experiments on 
liigli pressure discharges were shown by Messrs. Swinburne and Co., 
by means of their hedgehog transformer with oil insulation, and 
also by Messrs. Sicmiens Bros. A. Siemens, iii a paper read before 
the Tustitution of Electrical Engineers, gave the results of experi- 
ments on tlie striking distance in air of alternate current trans- 
former discharges. The experiments were made with an 
alternator giving 100 alternations per second, and a transformer. 
The voltage was measured by a Lord Kelvin’s electrostatic 
voltmeter. The electrodes were of various forms, such as two 
parallel discs, a disc and a liemisphere, a disc and point. They 
were repolished between the successive discharges. One was kept 
fixed, and the other moved by a micrometer screw reading to a 
hundredth of a millimetre. The sparking distance in air decreases 
to a slight extent when capacity in the secondary circuit comes 
into play. It is independent of the position of tlie spark-gap in 
the circuit, which shows that the voltage is propagated uniformly 
over the whole length of conductor, even if there is some capacity 
in parts of the conductor. The results obtained with the hemi- 
sphere and disc were as follows ; — 

Volts 2,000 4,000 0,000 8,000 10,000 12,000 14,000 15,000 

Sparking dis-) 3-25 4-37 5-65 732 902 

tance in mm. ) 

The volts here given are those measured on the voltmeter, 
but it is undoubtedly the highest ordinate of the wave which 
causes the spark. Assuming the wave to be a sine wave and 
increasing the voltages in the proportion of 2 : 1, the figures 
should be applicable to constant continuous currents. A com- 
parison can thus be made with Warren de la Rue’s values for 
the sparking distance. The result of the comparison in the cjvse 
of the disc and* hemisphere is as follows : — 


Volts 


2,000 

4,000 

6,000 

8.000 

10,000 

Sparking ; 

( De la Rue ... 

0-86 

0-87 

1*50 

210 

2’75 

distance i 

1 Siemens 

0*25 

0*80 

1*45 

216 

2*85 


The results are therefore practically almost identical 
The sparking distance between a point and a disc is about 
30 per cent, higher than between a hemisphere and disc at high 
voltages. 
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Experiments were also made on the striking distance in 
various insulating materials, or, rather, on the potential differ- 
ence at which a given thickness of the dielectric breaks down. 
{Electrician^ xxviii, 431.) 

H. B. and W. Fox Bourne, in a demonstration before the Old 
Students' Association of the City and Guilds of Limdon Central 
Institution, also gave some numerical results they had obtained 
on the sparking distance of high potential alternating discharges. 
Messrs. Swinburne's large oil-insulated hedgehog transformer wiis 
used, and the voltage wjus cvarried up to 75,000 volts registered 
on a large electrostatic voltmeter. Their values agree generally 
with those AVarreii de la Rue and Siemens, but show some 
discrepancies. In these experiments, when the current w'as 
turned on, a violet brush discharge appeared at the terminals, 
which changed when the air broke down to a long arc resembling 
a blow-pipe flame (th(‘ flame of burning nitrogen Jis shown by 
Crookes). Slate and asbestos act pi-actically as conducUirs of the 
discharge ; dry w(K)d is s<M»n set on fire by small sparks which 
are seen creeping along it. Celluloid sheets J inch thick break 
down, but a sheet of g(KKl vulcanite is highly resisting. When a 
sheet of glass is interj>o.sed between two flat terminals a network 
of violet sparks spreads over its surface and ares form round its 
edges from one terminal to the other. Finally, the glass is per- 
forated by the discharge, but no hole can subsequently be detected, 
as the edges of the hole become white-hot and fuse together again, 
the molten glass being a conductor. Good rubber insulation of 
cables becomes heated and breaks down and burns, chiefly due to 
the heating caused bv absorption currents. Cimdensers of tinfoil 
and paraffin paper bn^ak down for the sjime cause, and glass 
condensers become heated and crack. The heating is much less 
in insulating litjuids such as oil. Soiikj curious eflects were 
ob.served with <al. When one electrode was [flaced at the 
bott<»m of a ^es.sel of nil and the other, a wire, was just over the 
surface of th(? oil, the oil was violently repcdled below the wire 
and formed a depression there about ^J-inch deej). SujierfMised 
layers of castor oil and paraffin oil were placed in a glass vessel, 
and flat electnxl(‘s W'(*re placed in them, one in eacH. Tlie surface 
of the castor oil was raised into a small hill in the middle. 
This eflTect was ascribed to the tendency of the capacity of the 
system Ui increfise ; the specific inductive capacity of the castor 
oil being greater than that of the paraffin. {Elcctriciav^ xxviiL 
512.) 

The great value of oil fLs an insulator for high-tension alter- 
nating currents formed the subject of a papcT by D. £. Hoghei, 
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before the Institution of Electrical Engineers. Prof. Hughes 
was the first to suggest the use of oil for insulation. He 
described experiments on the insulating values of different oils, 
and pointed out the good qualities of the viscid resin oil, which 
has an insulation 79 times higher than air. Liquid insulators 
also have the great advantage of self-restoration after accidental 
piercing by a discharge. {Electrician^ xxviii. 489.) 

F. J. Smith, in a letter to the Electrician (xxviii. 553), describes 
the way in wliich resin oil is used in Millard Laboratory, at 
Oxford, to insulate Leyden jars, fulminating panes, and a battery 
of cells used to charge a quadrant electrometer. 

Elihu ThomBon describes scmie further experiments which bo 
has made on high pressure discharges, and the apparatus he 
employed. A large induction coil or transformer is supplied, 
with primary alternating currents at 50 or 100 volts, and a 
frequency of 125 or 250 alternations |>er second, and transforms 
them to 10,000 or 12,000 volts. The secondary coil is connected 
to a condenser of variable capacity. The transformer will give 
sparks from i-inch t<i 1 inch long with the uprising flame-like 
arc now so well known. When a blast of air is directed on to 
the discharge, it changes this to a pale purple flame when no con- 
denser is used, but when a moderate capacity is introduced this 
becomes a mass of flame filled w ith fine and thick threads which 
represent the condenser discharges. With greater ciipacity the 
discharge becomes thick and white, and w hen a forcible air jet is 
direett^d on to it, it roai-s very loudly. A second transformer of 
peculiar form is placed in the circuit which includes the discharge 
gap upon wliich the air-jet plays. The primary of this coil is an 
open helix of 15 or 20 convolutions of heavily insulated line wire 
4 or 5 inches in diameter. This is surrounded by a thick glass 
cylinder, upon wdiich about 150 turns of fine silk-covered wire 
have been wound in one layer, witli a silk thi*ead between 
the turns. The coil is immersed and well sunk in a jar of 
hea\y insulating oil, and the terminals on leaving the oil are 
kej)t w’cll apart, and are insulated by ghuss tubes. When sparks 
of |-inch length are pissing at the first gap, a torrent of sparks 
7 or 8 inches long can be obtaineil l>etween these terminals. 
The discharges an; of at legist 150,000 volts jx>tentia], which 
gives an extraordinarily liigh voltage per inch of secondary 
wire. These experiments suggest that lightning discharges, 
apart fr<)m their eh*ctrosUitie eflects, may l)e the source of 
most vigorous electro-dynamic induction, and that subsidiary 
high potential discharges may tlius result. [Electrician, xxviii. 
460.) 
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P. Janet, commenting on an experiment of Eliliu Thomson's, in 
which an electric incandescent lamp is made to glow when con- 
nected to the ends of a short and thick straight rod of coj)per, 
through which high frequency alternating currents are l)eing 
passed, points out tlhat the cause of the current tlirougli the lamp 
is to be found in the mutual induction between the copper rod 
conductor and the rest of tlie circuit, l^y carrying one of the 
wires to the lamp j>arallel to, but insulated from, the copper rod 
between the points at which the branch circuit to the lamp is 
derived, the lamp no longer glows. The connections of the lamp 
may be entirely disconnected from the copper rod, and the lamp 
circuit made into a rectangle with one of its sides parallel and 
near the rod ; the lamp still glows. Finally, if for the sak(j of 
symmetry, the rectangle is placed between the j)arallcl going and 
return wires of the alternating current circuit, the arrangement 
becomes similar to that used by J^Iondlot in his researches on the 
propagation of electro-magnetic waves (see ]). 8G). The rect- 
angle may be interrupt(‘d l)y a condenser, with the result that, if 
the experimental c<mditions are suitable, the lamp glows still 
more brightly. By placing in the circuit a spiral coil to give 
self-induction, and by varying the amount of this self-induction, 
the capacity being given ami inferior to a fixed limit, the lanij) 
shows a very marked maximum of brightness when the period of 
vibration of the secondary cdrcnit is equal to that of the primary 
circuit, and if the latter is varied, as. for example, by increasing 
the capacity of a condtmser, the discharges of wliich are being 
utilised, it is necessary, in order to re establish equilibrium, to vary 
the eajjacity or self-induction of the secondary ciicuit in the same 
direction. It seems that for the order of frecjuence here used, the 
secondary circuit resumes the true rolo of resonator, of which the 
experiments of Siirasiri and De la Bm? had deprived it in the 
case of Hertzian oscillations. It must, therefore, be concluded 
that the oscillations einj»loved are much less raj)idly damped than 
those of Hertz’s exciter. {Jouru. de Phys, [.*1], i. 

F. T. Walker d<^veIopes formnhe for calculating the force and 
conple on a ring of metal placed above the pole o/ an alU?rnating 
electro-magnet. He also iuve.stigates the experiment of Elihu 
Thomson, in which a sheet of copper is held over the pole so as to 
half cover it, and a hollow copper sphere is placed on the sheet ; 
the electro-magnetic action jiroducing a couj»le which causes the 
sphere to spin. He ascril>es the .spinning to the difference of phase 
between the currents induced in the copper plate and those of the 
magnet, and not, as luis been stated, to the copper plate acting as 
a screen and rendering the magnetic field unsymmetrical. If the 
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plate were a perfect conductor it would act as a perfect screen, 
but there would be no couple. (Proc. Roy. Soc., 1. 255.) 

The passaife of electricity tliroagh ftases. 

F. V. Lepel describes experiments on the oxidation of nitrogen 
by electric sparks through air. It is well known that small 
quantities of nitric acid, nitrous acid, and their ammonium 
compounds, are formed when sparks of high-tension electricity 
strike through air conbiining moisture. Tlie first product of 
the discharge is nitric oxide, which combines with the oxygen 
of the air to form nitric peroxide. By combination with M^ater 
tliere results from this nitric acid, and nitric oxide is again 
liberated. The subsequent action of the sparks is now to 
destroy the products it lias built up, sr) that in a confined 
space a limit is soon reached at which no further increase in 
the amount of nitric acid takes jdace. By a slow motion of the 
air, and by adjusted conditions of pressure and sj>ark discharge, 
Lepel has succeeded in increasing the production of nitric acid 
to 10 per cent, of the air employed, and he suggests that by a 
suitable use of high-pressure electric dischargers sufficient nitric 
acid may be produced commercially to render us independent 
of natural nitrates as .sources of the acid. ( irierf. xlvi. 

319.) 

Lord Armstrong describes, in the Pror. Roy. Soc ^ lii. 17G, some 
cuidous effects obtained from the higli ten5^ion curnuits of six 
induction coils sn]>plied with separate primary currents, but witli 
the s(rc'jndaries all combined in parallel. When the air gap was 
reduced .so as to convert the spark discharge across it into an 
apparently continuous arc, the negative side of the gap became 
int(*nsely heated, so that platinum wire became easily fused. 
The positive side kept perfectly cool. In the ordinary electric 
arc the heat is nearly all developed on the positive side. From 
these and other efiects. Lord Armstrong concludt*s that the 
sparks must be considered as a dying-out alternating current of 
prodigious frequency, in wliich the positive alternations have tlie 
ascendency, the exce.ss constituting the available current. A 
series of plates are given to illustnito the efl'ects of the discharges 
in producing dust figures round the spark gap an 1 wdi-es. A 
curious phenomenon w'as observed when the currtmt w’as piissed 
from one ve.ssel of pure water to another through a string of 
cotton strands ; the string crawled over the edges of the vessels 
until it was all transferred to the positive vessel ; at the .siime 
time water was transferred in the opposite direction. The effect 
is ascribed to electro-capillary actions, 

0, Lehnuum, in a discussion of methods of measuring the fall of 
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P. Janet, commenting on an experiment of Eliliu Thomson\s, in 
which an electric incandescent lamp is made to glow when con- 
nected to the ends of a short and thick straight rod of copper, 
through wliich high fi'equency alternating currents are being 
passed, points out tliat the cause of the current throngli the lamp 
is to be found in the mutual induction between the copper rod 
conductor and the rest of the circuit. By ciirrying one of the 
wires to the lamp parallel to, but insulated from, the copper rod 
between the points at which the branch circuit to the lamp is 
derived, the lamp no longer glows. The connections of the lamp 
may be entirely disconnect(?d from the copper rod, and the lamp 
circuit made into a rectangle with one of its sides parallel and 
near the rod ; the lamp still glows. Finally, if foi* the sake of 
symmetry, the rectangle is placed between the parallel going and 
return wires of the alternating current circuit, the arrangement 
becomes similar to that used by Blondlot in his researches on the 
propagation of electro magnetic waves (see j). 86). The rect- 
angle may be interrupted l)y a condenser, with the result tha-t, if 
the exj)erimental conditions are suitable, the lamp glows still 
more brightly. By placing in the circuit a spiral coil to give 
self-induction, and by varying the amount of this self-induction, 
the capacity being given and inferior to a fixed limit, the lamj) 
shows a very marked maximum of brightness when the period of 
vibration of the secondary circuit is equal to that of the primary 
circuit, and if tlie latter is varied, as, for example, by increasing 
the capacity of a condenser, the discharges of which are being 
utilised, it is necessary, in order to re establish equilibrium, to vary 
the capacity or self-induction of the secondary ciicuit in the same 
direction. It seems that for the order of frecpience h(‘re used, the 
secondary circuit resumes the true rolr of resonator, of which the 
experiments of Sarasin and De la Bue had depriv'ed it in the 
case of Hertzian oscillations. It must, therefore, be concluded 
that the oscillations employed aie much loss rapidly damped than 
those of Hertz’s exciter. {Jouru. de, [.‘1], i. 37^.) 

r. T. Walker developes forrnnhe for calculating the force and 
couple on a ring of metal jdaced above the pole o^f an alternating 
electro-magnet. He also investigates the experiment of Elihu 
Tliomson, in which a sheet of copper is held over the j)ole so as to 
half cover it, and a hollow copper sphere is ]»lace(l on the sheet; 
the electro magnetic action j)roducing a cou))le which causes the 
sphere to spin. He ascril>es the spinning to the difference of phase 
between the currents induced in the copper plate and those of the 
magnet, and not, as has been stated, to the copper plate acting as 
a screen and rendering the magnetic field unsymmetrical. If the 
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plate were a perfect conductor it would act as a perfect screen, 
but there would be no couple. (Proc. Roy. Soc., 1. 255.) 

The passaf^e of electricity through gases. 

F. V. Lepel describes experiments on the oxidation of nitrogen 
by electric sparks through air. It is well known that small 
quantities of nitric acid, nitrous acid, and their ammonium 
compounds, are formed when sparks of high-tension electricity 
strike through air containing moisture. The first product of 
the discharge is nitric oxide, which combines with the oxygen 
of the air to form nitric peroxide. By combination with water 
there results from this nitric tweid, and nitric oxide is again 
liberated. The subsequent action of the sparks is now to 
destroy tlie products it has built up, so that in a confined 
space a limit is soon reached at which no further increase in 
the amount of nitric acid takes jdace. By a slow motion of tlic 
air, and by adjusted cemditions of pressure and spark discharge, 
Lepel has succeeded in increasing the production of nitric acid 
to 10 per cent, of the air employed, and he suggests that by ii 
suitable us? of high-pressure electric discharges sufficient nitric 
acid may bo ]>rodueed commercially to render us inde{)endent 
of natural nitrates as sources <»f the acid. ( iriVrf. xlvi. 

319.) 

Lord Armstrong describes, in the Pror. Roy. Sor , Hi. 170, some 
cui’ious effects obtained from the higli tim^iou currents of six 
induction coils supplied witli separate prinmiy currents, but with 
the secjndarit‘s all combined in parallel. Wluui the air gap was 
reduced so as to convei’t the spark discharge across it into an 
apparently continuous arc, the negative side of the gap became 
intensely heated, so that platinum wire became easily fused. 
The [>ositive side kept perfectly cool. In the ordinary electric 
arc the heat is neaidy all developed on the positive side. From 
these and other efiects, Lord Armstrong coiicl tides that the 
sparks must be considered as a dying-out alternating current of 
prodigious frequency, in which the positive alternations have the 
ascendency, the excess constituting the available enn*ent. A 
series of plates are given to illustrate the etfects of the discharges 
in producing dust figures round the spark gap an I wires. A 
curious phenomenon w'as observed when the current was pjissed 
from one vessel of jnire water to another tlmiugh a string of 
cotton strands ; the string crawled over the edges of the vessels 
until it was all transferred to the positive vessel ; at the same 
time water was transferred in the opposite direction. The effect 
is ascribed to electro-capillary actions. 

0. Lehmaim, in a discussion of methoils of measuring the fall of 
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potential in electric discharges in gases, describes an exj^eri- 
ment which is very similar to that of Lord Armstrong. The 
current from 1,060 small secondary cells was passed through a 
water capillary resistance and allowed to discharge across a spark 
gap al)out 1 nun. wide. With much resistance in the circuit the 
discharge passed in sparks like those of an influence machine; 
with suitable reduction of resistance the sparks succeed one 
another more rapidly, then pass in a continuous stream, and 
finally the negative side (cathode) becomes luminous, while the 
positive side (anode) remains dark. On connecting large con- 
densers to the electrodes, the discharge ramifies in bantl discharges 
and sparks, which pass from the anode round the glowing portion 
of the cathode to the colder part. By blowing on this discharge 
it changes suddenly into a brush discharge, the anode now glows 
and the cathode remains dark, and the sparks pass round the hot 
part of the anode and terminate at the colder portion. On ceas- 
ing to blow the discharge passes back again to the first form, and 
the cathode again glows. Tins alternation of the discharge appears 
to show that the difierence of the -f and — sides of the discharge 
dej)ends on causes brought about by the action of the discharge 
itself. Further reduction of the resistiince j)roduces the ordinary 
electric arc with glowing anode. Lehmann also describes experi- 
ments on the effects ol)tained when vacuum tubes without elec- 
trodes are rotated in a constant electrostatic field, or when they 
are phieed in a magnetic field of ni]>idly varying intensity. ( Ifierf. 
Ann., xlvii. 426.) 

Somewhat similar experiments are also described by E. C. 
Rimington and Wythe Smith, and were shown by them at the 
Physical Society. {Electrician, xxx. 154.) 

A. Schuster, at the British Association meeting at Edinburgh, 
described the results of further inve.stigations of the phenomenon 
of “secondary conduction” of a giis. Jf an electric current 
parses through any portion of a partially -exhausted gas contained 
ill a clo.scd vessel, the whole i»f the gas becomes thrown into a 
.sensitive state, in which it is a conductor in the ordinary sense, 
and a single cell will send a measurable current through it. If 
the ga.s is a liydro-carljon, and the secondary electrodes are of 
platinum, jmlarisation occurs just as in the case of the electrolysis 
of w'ater. The electro motive force of polarisation is in this case 
3 or 4 volts. No polarisation, or only traces, can be found in 
O, H, N, cyanogen, axjueous vapour, ammonia, and other gases 
experimented on, but phosphu retted hydrogen shows the {>he- 
nometion. With electrcxles of copper or inm no polarisation is 
found in liydrocarlxiiis. On the other hand, where aluminium or 
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magnesium is used, it rises to very high values. Thus Mg 
electrodes, between which the current from 30 Clark cells was 
allowed to pass for some time, showed a polarisation of 35 volts. 
The fact that the E.M.F. de[>eiids so much on the nature of 
the metal tends to show that a metallic carbon compound 
is formed by the action of the primary current, and that the 
effects are analogous to those of a secondary cell. 

Pennanent currents may be obtained by placing electrodes of 
magnesium and platinum in a gas which has l>een rendered sensi- 
tive. The magnesium is always electro negative to the platinum. 
The E.M.F. is different in different gases, being higher, for 
instance, in O than in H. {Electrician^ xxix. 429.) 

Prof. Schuster also discussed some interesting points 
connected with the phenomena observed in the electrical 
discharges in gases, in his Pn?sidential Address to section A 
of the British Association. 

J. J. Thomson has been making further observations on the 
electric discharge in bulbs without electrodes. He shows that 
the colour of the discharge through the same gas varies very 
greatly with the density of the gas and the intensity of the dis- 
charge. This was shown by two bulbs containing air ; the 
discharge through one was a bright blue, and through the other 
an apple-green. It was also shown that a gas at a low pressure 
could n(»t act as an electro-magnetic screen, though it did so at 
high pressures. The laws governing the absorption of energy by 
conductors j)laced near very rapidly alternating currents were 
illustrated by experiments, which showed that there was a much 
grciiter absorption of energy by small pieces of tin-foil than by 
large masses of brass or copper. When no electroiles are present 
the discharge passes through air at a pressure somewhat less than 
that due to ^ of a mm. of mercury, with gi'eater ease than at 
either a higher or a lower pressure. Mr. Peace has shown (see 
below) that when electrodes are used the critical pressure may be 
as high as that due to 250 mm. of mercur}^, so that as tlie spark 
length is altered the critical j)ressure may range from 250 mm, to 
^ **^*^^« J- Thomson points out that this involves the 
possession, by a gas conveying the discharge, of a structure 
mucli coarser than any recogniseii by the kinetic theory of 
gases, and he suggested a theory of such a structure, and showed 
that the theory would account for the influence of spark-length 
and pressure on the potential difference requireil to produce dis- 
charge. {Proc, Camb, PhiL Sik-j vii. 314, 330.) 

The experiments of J. B. Peace, referred to above, were made 
for the purpose of investigating the relations between the potential 
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difference, spark-length and pressure, when discharge takes place 
between two parallel plates in air. In a first series of experi- 
ments the discharge was obtained between discs of highly-polished 
brass, one of wliicli was slightly convex. Tlie current was 
obtained from a large number of small secondary cells, set up in 
groups of 600. The pressures ranged from 20 to 300 nmi. of 
mercury. The results of these experiments, whcui plotted in 
curves showing the relation between potential difference and 
pressure, exhibit well-marked minima at relatively high pressures. 
These minima are as follows : — 

Spark-1 enjrth ill inches 0-0004 0*0010 0\)020 0*0040 0 0080 

Minimum P.D. in volts a2(> .SMO XiW .8r)4 370 

Pressure, mm. of merciir}’ 240 l.*)0 110 ;*>.■) 33 

These P.D. curves meet and jiass above each other, or, which is 
the same thing, the curves showing the connection between poten- 
tial difference and spark -length, also exhibit minima, indicating, 
therefore, that equality of potential difference existed for two 
different spark-lengths. To test tliis at lower ju’essures, a second 
series of experiments was made, with two jiairs of plates at 
different distances apart, but with the same air pressure. The 
jilates were arrangecl in parallel, so that an alternative path was 
offered to the discharge. The four plates used were ]>lan(‘, and 
were separated by small thin discs of ebonit(‘, mica, or glass, the 
thickness of which n\hs taken as the spark-length. Two pumps 
were used, a watcr-jmmp for rajiid exhaustion, and a mercury- 
pump for hiwer pressures to 2 or 3 mm. The potential dilfertuice 
was inea.sure(l directly by a cylinder quadrant electoineter. The 
sparks at the two pairs of plates were sejiarately examined until 
pressures were reached at which the potential difference necessary 
for discharge liecarne nearly equal, and then the two jiairs of 
plates were simultaneously connected to the cells. The crossing of 
the P.D. curves was thus directly verified, a slight lowering of 
tljc pi*essure transferring the discharge from the shorter to the 
longer air-gap. The following table extends the one given 
above to the lower pressures used in this set of experiments : — 

Spark-len;rth in inches .. o-oi2 0-U2I (»*.»3o 0*042 0*082 

Minimum P.D, in volts 31M) 4oo Pis 4.*)S 47r> 

Pressure, mm. of mercury lU 12 lo 0 7 

The curve repre.s<uiting tlie relation between iiir pressure and 
spark-length for minimuin potential difference is a fairly close 
approximation to a rectangular hyperbola, that is, the product of 
the pressure and spark-length is approximabdy constant. (Proc, 
Rol Hoc., lii. 99.) 
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M. 1. Pupin describes some experiments on the electric dis- 
charges in air at moderate degrees of exhaustion, in which he 
draws attention to the resemblance in many characteristic details 
which these dischargers bear to the character and behaviour of the 
solar corona. The discharges to which reference is made are those 
produced in exhausted glass tubes or bulbs without electrodes, by 
a rapidly alternating electro-motive force applied to condenser 
surfaces on the outsides of the tubes. The air pressure in the tube 
varied down to somewhat less than 2 mm. In such tubes the 
intensity of the luminosity increases with the condenser surfaces 
of the bulbs, with the frequency of alternations, and with the 
effective electro-motive force of the charging apparatus. 

At low pressures the luminosity is more or less uniformly 
diffused through the tubes ; as the j)ressiire increases the dis- 
charge becomes streaked, and at still iiigher j)ressures the whole 
discharge, in its path through the bulbs, divides itself into a 
number of distinct streamers, the number of which diminishes 
with the increase of pressure. The streamei-s rot^ite mon? or less 
uniformly in one direction or the other, and the angular velocity 
of the rotation seemed to increase considerably with the current 
of discharge. 

Ihipin shows that two discharge streamers in the same ex- 
hausted vessel exert a repulsive force on one another, which in- 
creased continually with the increase of pn^ssure in the vacuum. 
'J'he cause of this effect is ascribed to a str.iin in the vacuum 
produced by tin* peculiar distribution of the gas pi*es.sure result- 
ing from the peculiar distribution of teinj)erature. This view is 
supported by the fact that the streamers do not mutually repel 
when in two separated vacua. 

Other experiments are described which sh«>w the relation 
between the character of the discharge, tin* pressure in the 
vacuum, and the eflective E.M.F. which produces the discharge. 
The bcliavitmr of the discharge at all pressures is considered to 
sujipurb the dissociation theory of J. -1. Thomson. A tiaiis- 
lational motion of the gas is held to be shown along the path of 
the discharge. Such a motion is rendered evident by the con- 
version of a rectilinear streamer into a curved one by a blast, <»r 
by imjiarting to the gas a component velocity jx*r[)endicular to its 
original velocity. 

Pupin points out the great similarity of the streamers to the 
solar corona, and illustrates the similarity by the discharges in a 
large glass bulb, coated equatorially with tin-foil, with a brass 
sphere at the centix?. His paper is accompanied by photographs ot 
the principal effects. (Amer, Joiirn, oj* Science [3], xliii. 203, 163.) 
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£. Wiedemann and H. Eberti referring to Crookes’s experiment, 
in which two parallel streams from two negative electrodes in a 
vacuum tube (cathode rays) exert apparently a repulsive effect on 
one another, describe an experiment which shows that a repulsion 
between the cathode rays is not the causae of the phenomenon. 
In Crookes’s experiment there are two similar aluminium cathodes 
at one end of the vacuum tube and a single anode at the other. 
In fix)nt of the cathodes is a screen of mica with two holes, a and 
6, op[X)site the cathodes. When only one cathode is used the 
rays cross the tube obliquely from a to the anode; when both are 
used the rays from a and h arestmight and parallel. Wiedemann 
and Ebert modified the experiment by placing small hinged fla]>s 
of mica over the holes, so that either hole can be closed by jerking 
the tube. They then found that when both catluKles were used 
the diversion of the rays occurred in exactly the same way, 
whether on(‘ of them was stopped by the flap or jiot. The 
divereion is, therefore, not due to the mutual rejailsion of the 
rays, but to the influence on one cathode of tlu^ presence of 
another in its neighbourhood. This accords with the view that 
the emergence of the catlioJe rays is influenced by disturbances 
already pre-existing in the cathode. {Wied, Ann,^ xlvi. 158.) 

E. Ctoldstain, in discussing the so-called stratification of the 
light at the cathode, jioints out that it consists of thr(*e ])arts. 
In exhausted air there follows afteT the yellow layer, which is 
in immediate contact with the cathode, and is usually less than 
*1 cm. thick, a feebly-luminous layer, which, with sufficient 
exhau.stion, can be observed up to a tliickness of 4 cm. This 
layer, the “dark sjiace ” of Crookes, shines with a faint blue 
light. The third extends to consi<lerable distances, and forms the 
greater part of the cathode light. Its colour and luminosity are 
variable with the degree of exhaustion. These three layers are 
u.sually considered as j)arts of one and the same radiation. 
Goldstein, in 1886, showed that the so-called “first layer” con- 
sists of an independent radiation system of its own, and he now 
establishes the same independence for the other two layers. This 
he shows by the use of concave sjflierical cathodes, wdiich have the 
property of concentrating tlie rays of the second layer in a conical 
convergent bundle, while, on the contrary, tlie g€»ometrical dis- 
tribution of the light of the third layer remains unaltered. In 
this way it can be showm that the rays of the second layer start 
immediately from the surface? of the catluKle, and penetrat<» the 
whole thickness of the first and third layers up to the outer 
boundaiy of the latter. Thus the three layei’s correspond tc 
three kinds of luminous emission, which fully interpenetnite one 
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another, and in the greater part of the cathode light occupy the 
same space. Each of the three kinds has distinct properties of 
its own. The production of phosphorescence and of molecular 
shadows is due to the second kind only, which is alone propagated 
in straight lines. It is also the only kind which is deflected by a 
second cath<xle. The third kind can pass round corners. Gold- 
stein also shows that the secondary cathode light formed at 
constructions in a vacuum tube also consists of two different kinds 
of light corresponding to the second and third kinds alone, and he 
concludes that the positive light also consists of two different 
kinds of light. {Sitzher. Konigh Akad. Wissensch.^ xxxix. 827.) 

Lord Kelvin, assuming the velocity of the molecules in Crookes' 
cathode stream to be 1 km. per sec. (about twice the average 
velocity in ordinary air), makes calculations which give a rise of 
temperature of a glass surface on which the stream impinges com- 
parable with that found experimentally, and which show that all 
the mechanical effects produced by the stream can be accounted 
for. This very moderate velocity is too small to be detected by 
optical colour tests. The negative results of such tests is there- 
fore no objection against Crookes’ doctrine of the cathode stream. 
{Nature^ xlvii. 165.) 

H. Hertz has made an examination of the passjige of the cathode 
rays through thin layers of metal. Layers of metal of such 
thinness that they allow a small part of the incident light to pass 
through them are transparent to a much larger degree to the 
cathode rays. This may be .shown by coating a portion of one 
face (the front) of a flat plate of f)hosphorescent glass with }>ure 
gold-leaf, and placing oji the gold some flakes of mica. When 
tlie plate is placed facing the cathode, which is an aluminium 
sphere, about 1 cm, in diameter and 20 cm. away, and the 
exhamstion is carried only so far that the cathode rays till the 
discharge tube with a dense blue cone of light, the glass phos- 
phoresces outside the gold-covered portion only. At this stage 
the phospliore^cence is proiluced principally by the light of the 
dischaige, of which the gold tran.smits only a very small fraction. 
When by further exhaustion the proper cathode rays begin to 
strike the ghvss, the gla.ss begins to phosphore.sce behind the gold, 
and when the cathode rays have reached their most active 
development the gold-leaf, when viewed from the back, apj>ears 
only as a faint veil on the ghiss plate, noticeable chiefly at the 
edges and creases. The mica flakes, on the other hand, cast deep 
black shadows thix)ugh the gold. The experiment succeedeil also 
with silver and aluminium, writh impure alloys of silver and gold 
containing zinc, tin, and coj>per, with layers of silver deposited 
Q 
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chemically, and with layers of silver, platinum, and copper 
deposited by electric distillation in vacuo. Beaten aluminium, 
such as can be obtained in commerce, appears most suitable ; it is 
quite impermeable to light and very permeable to the cathode 
rays, and is, moreover, unattacked by the cathode rays, while 
silver is quickly corroded. 

The effect cannot be ascribed to porosity of the metals. The 
phosphorescence can be excited through three or four layers of 
gold or aluminium leaf. It happens usually, however, that a 
second layer weakens the effect more than would be e.xpected. 
This is probably due to the first layer acting as a mirror and 
reflecting the phosphorescent light back into the glass, so that if 
the leaf transmitted, say, J of the incident niys the illumination 
would be diniinish(‘d only to J, while if another layer is added it 
would be diminishc^l to J of ?, or and more layers would 
speedily cause the phosphorescence to vanish. According to this 
view, it would appear that a layer which transmitted more than 
half the rays should, by its reflective action, cause greater 
phosphorescence underneath it than that on the uncovered part of 
the glass, and Hertz believes he has observed this effect with 
chemically-precipitated layers. That the effect is not due to 
pores is further shown by the fact that the rays j)assing through 
the leaf are diffusely scattered, like rays of light passing through a 
turbid medium. ( Il'nW. Ann.y xlv. 28.) 

E. Warburg has undertaken an experimental inv(‘stigati()n of 
the electric force at tlic electrodes in a vacuum tube, and its 
absolute measurement by electrostatic methods. Tlie experiment 
was armnged so that the discharge ])assed between two plane 
horizontal opj>o.sing electrodes, and the attraction which one of 
the electrodes, usually the cathode, thereby experiiuiced was 
measured by its apparent iiicrea.se of weiglit, the electrode being 
attached for that purpose to one arm of a specially constructed 
balance. The attraction iKiing thus determined, the <*lectric 
force and the surbtee <leiisity on tin* cathode surface can be 
calculated. It was found that the attraction was proportional to 
the current density. With bright platinum or aluminium 
electrodes it lias the following values in milligrammes j>er 
ampere : — 

In dry N., from 0*.'i to 0*2 mm. prossiiro, 1300 — 2400 

81ightly moist X. r>00 — Hoo 

H. .. 1 „ 3 M 3.>0 

As f>oint<*d out by Schuster, there is an excess of free + 
electricity in the negative glow light, the aiiumiit of wliich is 
opposite and equal to the * charge on the cathode. Like this 
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charge, it is proportional to the square root of the current density, 
and has been found to amount (with bright cathodes of platinum 
or aluminium in nitrogen or hydrogen) to coulombs per sq. 

cm. for a current of 1 milliamp^re jjer sq. cm. 

The surface of the anode is much more feebly attracted than 
the cathode, and is therefore more feebly charged. If, then, two 
infinitely large parallel electrode surfaces are placed opposite one 
another they are equally charged only so long as the electricity is 
in equilibrium. When the glow discharge passes between them 
the charge on the anode is feebler than that on the cathode by 
the excess of free + electricity which is present in the gas through 
which the discharge passes. 

At the normal current density at which the negative glow 
light can si)read freely over the cathode, the electric force at the 
cathode decreases with decrease of pressure of the gas, and is less 
for hydrogen than for nitrogen. Thus the excess of free + elec- 
tric! tj^ in the gas also decreases with decrease of pressure under 
the same conditicuis. The material electric charge which the gas 
receives in the glow discharge produces an increase of hydrostatic 
pressure, and therefore, under ordinary circumstances, with elec- 
trodes of limited size, produces eddy currents which flow from the 
anode to the cathode. These currents may account for the fre- 
quently observed transfer of matter in the direction of the positive 
current. Ann,y xlv. 1.) 

K Angstrom has made a series of determinations by a bolometric 
method of the radiation of gases under the action of the electric 
current. The light from the -f electrode was examined, that from 
the — electrode being too feeble and variable. 

For a given pressure the radiation of + light is proportional 
to the intensity of the principal current. The intensity of the 
total ratliation scarcely varies between the limits of pressure 0*1 
to 1*5 mm., but it increases a little at higher pressures. For the 
same gas under the same pressure the composition of the radiation 
is constant, and does not dej)end on the intensity of the electric 
current. When the density of the gas clianges, the composition 
of the radiation changes also, in so far that the ratio of the in- 
tensity of the radiation of the shorter wave-lengths to that of the 
total radiation decreases with increase of pressui*e. The ratio of 
the luminous to the total radiation rises to considerable values for 
very low pressures, values far greater than that of ordinary 
luminous sources. At pressures of o to 10 mm. the ratio is 
rather small. The intensity of the total radiation varies greatly 
in difTerent gases, and does not appear to be relateil simply to thf' 
molecular weight or to the potential difference in the layer of 
u 2 



84 


THE YEAR-BOOK OP SCIENCE. 


radiating gas, or to depend essentially on the absorption of the 
gas at ordinary pressui'es and temperatures either as regards its 
intensity or composition. 

Angstrom ventures the following explanation : — In the case 
of very low pressures the radiation is principally from the active 
molecules transporting the electricity. The number of these 
molecules is pro]x>rtioiial to the intensity of the current, and 
varies but little with the pressure as long as the discharge retains 
its character. The radiation is of the kind termed by Wiedemann 
“ luminescence,'’ in that its composition does not correspond with 
the temperature of the gas ; it may be of extreme intensity in the 
group of short wave-lengths. When the pressure increases, and 
with it the number of inactive molecules, the irregular radiation 
of the active molecules may be more easily communicated to the 
latter, so that the number of radiating molecules increases, and 
consequently also the radiation of the gas ; but it changes in 
cliaracter in this sense, that the radiation of the groups of 
shorter wave-lengths relatively decreases. {PhiL May, [5], xxxiii. 
387.) 

E. Branly describes a curious case of uni|)olar conduction of a 
gas, observed when the electrodes in the gas are in the one case a 
metal raised to a red heat, and in the othei* a metal at the ordinary 
temperature. The conductivity of the gas is much stronger when 
the cold metal is negative. {Comide-s ReuditSy cxiv. 831.) 

Action of on the electric di!»cliar|te. 

The discharge of electricity by rays of light is generally con- 
sidered as limited to negative electrification. E. Branly has shown 
in 1890 that the discharge of a piositively electrified metal surface 
exposed to the radiation of veiy refrangible rays may become 
nearly equal to that of a negatively charged surface. For this 
purpose Branly used the light of the sparks of a Leyden jar attached 
to an induction coil with a rapid interrupter. He has recently 
{C, R; cxiv, 68) experimented w'ith the radiation of the electric arc 
on discs of metal (Cu, Al, Mg) of about 7 cm. diameter. With 
an ai*c of 4 mm. the ratio of the times taken by a + charge and a 
— charge to fall from 300 to 270 volts was ; with a smaller 

arc ; and with an arc of 2*5 ram. about Thus the positive 

loss becomes slover as tlie voltaic arc decreases, which is analogous 
to the results obtained with the sparks, where an increase of 
distance, or interposition of a plate of quartz, lessened the positive 
rate of loss much more than the negative. Colourless fluorspar 
and rock-salt are more transparent to the active rays than quartz. 
Neither mica nor glass is completely opaque to the active mya 
J. Elster and B. Oeitel have continued their investigations of 
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the behaviour of cathodes of alkali metals in Geissler tubes when 
exposed to luminous radiation. They now show that the resist- 
ance of the Geissler's tube to the luminous discharge of an 
inductorium is lessened by exposing the pure alkali metal forming 
the cathode to luminous radiation. The phenomenon is especially 
evident Vith low pressures of gas, from 0*1 to 0 01 mm. of 
mercury. By placing small tubes containing the highly sensitive 
cathode surfaces in various positions in a magnetic held, it is seen 
that the action of the field depends on the angle between the 
lines of force and the direction of the electrical current. As in 
other forms of glow discharge, the current meets with greatest 
resistance when its direction is perpendicular to the lines of 
magnetic force. Elster and Geitel also show that the changes of 
resistance of the vacuum tulies produced by illumination of the 
cathode by a suitable source of light can be measured by a 
galvanometer. For this purpose the sensitiveness of the tube was 
increased by the use of very highly purified potassium, heated in 
a stream of pure dry hydrogen, by adjusting the pressure in the 
tube to that value, 0*33 mm. of mercury, at which the exhausted 
hydrogen has its greatest conductivity, and by the use of a larger 
cathode surface of potassium in a bulb 3 cm. in radius. On con- 
necting a sensitive Rosenthal galvanometer of 318 ohms resist- 
ance to the electroiles, a deviation of the needle was produced even 
without the use of any cell, when the sensitive surface was 
illuminated. The potential difference arising from the illumina- 
tion was not measurable by an electrometer. The increase of 
resistance in a magnetic field was also easily demonstrable with 
the galvanometer. Ami,, xlvi. 281.) 

The voltaic arc. 

S. P. Thompson discussed the physics of the voltaic arc in a 
communication to the British Association at Edinburgh. Measure- 
ments by Prof. Thompson previously have shown that the seat of 
the so-called back E.M.F'. of the arc is at the crater, and he was led 
to the supposition that its origin was to l>e found in the volatilisjition 
of carbon at that surface. Recentlv, however, Crookes has sho\sm 
that tho flaming di.scharges produced by alternating currents of 
very high frequency are endothermic flames of nitrogen p. 70). 
Prof. Thompson has therefoi'e made ex|>eriments to test whether 
the combination of nitrogen and oxygen at the high temperature 
of the arc had anything to do with the voltage of the an\ The 
arc was surroundetl by a tube into which various gases, oxygen, 
hydrogen, nitrogen, carbonic anhydride, eta, were passed. No 
difference amounting to one volt could be found. Thus the back 
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E.M.F., or whatever it may be, is independent of the surrounding 
atmosphere. {Electrician^ xxix. 460.) 

F. Stenger by employing a modification of a method previously 
used by Lecher, confirms his conclusion that there is no counter 
electromotive force in an electric arc, and proves that if such an 
EM.F. were existent, Lecher’s arrangement is sufficiently sensitive 
to detect it. (IVied. Ann., xlv, 33.) 

Eleclromagrnetic radiation. 

A large number of communications relating to this subject 
have been made to various physical societies and jo\irnals during 
the year. Piof. Hertz has republished liis collected papers in 
book form, and has added an historical account of his work, and 
a forgotten pa})er of Yon Bezold’s written more than 20 years ago. 
In this j)aper Yon Bezold seems to have anticipated some of the 
more recent results of Hertz and Lodge in a striking manner. 

The most important of the additions to our knowledge of 
electro-magnetic radiation are, undoubtedly, those of R. Blondlot. 

In the Journal cle Physique ([2], x. 540) Blondlot commences 
a description of his researches by indicating the train of ideas 
wliich led him to the methods he has employed in studying the 
velocity of j)ropagation of electric wa^es. Since, as shown by 
Sarasin and De la Rive, it is the resonator which determines the 
wave-length which is observed (see also p. 94), the equation 
A = YT should be .satisfied by .substituting for X and T the values 
of the wave-length and period of the resonator, and for V the 
velocity of propagation of the waves. An exactly analogous case 
holds in sound. Savart showed that by exploring wdth the aid of 
a resonator in the neighbourhootl of a plane reflecting surface the 
sonorous field of a complex sound, or noise, a series of nodes are 
found, the interval between which is half the wave-length of the 
proper sound of the resonator used, so that the equation X=VT 
is satisfied by substituting for V the velocity of sound, for T the 
period of the resonator, and for X twdee the length of the 
intemode found in exploring the field with the resonator. There- 
fore in the case of the electric noise, produced by a Hertz 
oscillator, it is sufficient in order to find the velocity of propaga- 
tion of the electric waves to determine the period T, and wave- 
length X, of the resonator employed. 

The determination of T offers difficulties. These difficulties 
Blondlot has overcome by using a special form of resonator, made 
as follows ; — A condenser is made by ))lncing two circular plates 
12 cm. diameter a fraction of a millimetre apart. The plates are 
joined by a rectangular ebeuit formed of a copper wire 0*184 cm. 
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diameter. Tlie sides of the rectangle are 10 and 20 cm. long. 
The total length of the circuit 59 cm., being very short compared 
with the wave-length X, it follows that the oscillatory current has 
sensibly the same intensity throughout the circuit. In consequence 
it is possible to apply Lord Kelvin’s formula, and since Lippmann 
has shown that in the case of very rajiid oscillations the resistance 
may be neglected, the formula becomes T= 27r v/(CL), where C is the 
capacity of the condenser and L the self induction of the circuit. 
C was measured by Maxwell’s method, and L calculated from the 
geometry of the circuit, thus T was found, and it only remained 
to measure X. As Sarasin and De la Rive have experimentally 
established that the velocity of propagation of waves is the same 
in air and in metallic wires, Blondlot employs the latt(T mode of 
proj)agation. Two cojiper wires about 25 cm. long were stretched 
[)ariillel to eacli other at a distance apart about 1 cm. greater than 
the width of the rectangle of tlie resonator. A movable bridge of 
copper wire puts the wires in communication at any distance from 
the ends. Along these wires the electric waves are sent by the 
aid of the arrangement used by Hertz and by Sarasin and 
De la Rive. The resonator is placed so that the two long sides of 
tlie rectangle are in the same plane with, and parallel to, the long 
wires. Each side is about i a centimetre from its respective wire. 
It is furnished with a small micrometer spark-gap, consisting of a 
ball soldered to one of the condenser plates, and a point fixed to 
the other. Tlie interval can be regulated at will by the aid of a 
.screw. A wire bridge is moved along the wires, and its positions 
found at which the sparks are caused to disapjiear at the resonator. 
From lliese po.sitions the lialf wave-length cun be determined. 
Be.sides the resonator given above, Blondlot has ustxl three others 
of diflereiit dimensions. AVith each an unlimited number of 
observations can be made by varying the distance of the condenser 
plates, ’fhe m(*asurements of the velocity of propagation thus made 
were very concordant, and led to the conclusion that “ the electrical 
leaves hare a definite velocity of propagation^ which is indej)endent 
of the wavedength^ and that this velocity is approximately 297,600 
kilometres per second,^* The difference betw’eeii this number and 
that obtained by various observers for the ratio of the electro- 
magnetic and electrosUtic units of electricity is not greater than 
the diflTerences between the latter quantities themselves. The 
number i.s also equal, to the same degree of approximation, to the 
velocity of light. Maxwell’s predictions are therefore verified, 
and at the same time the application of the formula T=27r ^ "'(CL) to 
the resonators is justified a posteriori. 

In the course of the experiments Blondlot proved that the 
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diameter of the parallel wires is without influence on the positions 
of the nodes ; also that the total length of the wires is indifierent, 
provided they are sufficiently long for the resonator to be placed 
not too close to the oscillator. The method rests solely on experi- 
mental data, and is inde{)endent of any theory of resonance, 
nevertlieless it is interesting to note that it is confirmed by this 
theory, Jis established by Bjerknes and Poincard. [Journal de 
Physique [2], x. 541).) 

In addition to inventing a new form of resonator, Blondlot 
has also devised a new method of transmitting the electrical 
waves along the metallic wii*es. The primary circuit or exciter 
consists of a condenser formed of two circular arinatui*es, 12 cm. 
diameter and separated by at most 1 cm. To these armature‘S 
are soldered two copper wires, 3 mm. diameter, terminated by 
knobs, and curved so tliat each of them forms a little less than 
the Iialf of a circle 2 metres in diameter. The knobs are con- 
nected by two wires to the poles of the induction coil. When 
the coil is working the conden.ser becomes charged, then dis- 
charges itself by a spark between the knobs ; this discharge is 
oscillatory. The secondary circuit is formed of a copj)er wire 
curved to form a circle 1 cm. smaller in diameter than that of the 
primary circuit. This wire is covered with a caoutchouc tube 
and placed close against the primary circle. Its ends terminatt^ 
at two points on either side of the diameter through the condenser 
and the two knobs. The o.scillations in the prinuiry circuit pro- 
duce around it a periodic field of electro-magnetic force of great 
intensity, and sparks as much a.s 11 mm. long can be obtained 
l>etween the ends of the secondary circle. The circular form 
given to the exciter is not cs.sential. Dther forms, esj)ecially 
rectangular, are ecjually good. 

To tran.smit the undulations, the ends of the secondary circle 
are soldered to two copper wires stretched parallel to one another. 
Between these is placed the resonator employed in the experi- 
ments on the velocity of propagation of the electromagnetic 
wav'es, aiifl descrilied above. The phenomena, when thus j)ro- 
diiced, are very intense. The primary spark is always o.scillatory 
without the neces.sity of repolishing the knobs. It is easy to 
change the jK^ri(xl hy altering the distance between the condenser 
armatures. Finally, electrostatic eflects are non existent 

To augment the action of the resonator, Blondlot places the 
parallel copper wires aliout 2 cm. upail., and at the place wliere 
the rectangular n?«onator is to Ik? situat4‘d bends them out to 
form a rectangle a little larger than that of the resonator. The 
resonator is then placed within this rectangle, and as the 
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inductive action takes place on all four sides, and at a very small 
distance (0*5 cm.), the effects are very intense. As in this case 
it is impossible to move the resonator along the wires, Blondlot 
employs to determine the wave-lengths the method of movable 
bridges. {Comptea Rendua^ cxiv. 283.) 

B. Blondlot and Dufour have further shown that when a dis- 
symetry is introduced into the two parallel wires along which 
the oscillations are propagated, by cutting one of the wires near 
its junction with the circle and joining the cut ends by a loop of 
copper wire of variable length, the length of the loop has no 
influence on the position of the bridge which annuls the spark in 
the resonator, and that, therefore, the length of the wave 
measured by the aid of the resonator is independent of the dis- 
symetry of the two wires which transmit the electro-magnetic 
waves. This result extends tlu‘ ap}>lication of Sarasin and De la 
Hive’s principle, that the wave-length is determined by the reso- 
nator only, to tlie case of dissymetry of the transmitting wires, 
and is similarly explained by Bjerknes’ theory of resonance, viz. : 
that the resonator will be set in vigorous oscillation when the 
distance from the resonator to the bridge end back is an oven 
multiple of the half wave-length which corresj>onds to the natural 
oscillations of the resonator itself, *and is therefore the same for 
all waves which are pro|>agated along the wires, whatever their 
phases and directions of propagation. The length of the loop, 
how'ever, influences the intensity of the eflects at the resonator 
according as the different waves which arrive at it are more or 
lcs.s concordant. Thus the resonance should become very vigorous 
when the length of the loop is an even multiple of the half wave- 
length, and very feeble when the length is an odil multiple of the 
lialf wave length. In practice the lengths should be a little less 
than these values on account of the shifting of the position of 
maximum effect of the undulations caused by the relatively 
greater enfeeblement of the retarded waves. {Compf^^s Rendns, 
cxiv. 347.) 

In another communication Blondlot shows that theoretical 
reasons founded on considerations of homogeneity of the nmlium 
lead to the conclusion that the leiigtli of the waves which a given 
oscillator is capable of emitting should l)e the same whatever the 
insulating medium in which the exj)eriment takes place. This 
conclusion he has verifieil by exjKTiments on liquid dielectrics. 
The waves produced in the iiianiier described above wei'e trans- 
mitted along two parallel wires of tinned eopj>er, 8 cm. apart A 
gilt copper resonator was arranged between the two wdi^ the 
part forming the condenser being phujed horizontal and within a 
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glass vessel. The portion of the transmitting wires on the far 
side of the resonator was contained in a wooden trough 4 metres 
long. The glass vessel and trough being empty, the position of 
the movable bridge was determined, at whicli no sparking 
occurred ; the distance of the bridge from the resonator was then 
a quarter of the wave-length proper to the resonator. Tlie glass 
vessel was then filled with the liquid chosen (turpentine, or castor 
oil), and the wave length becanie much greater. The trough was 
then filled with the same liquid, and the position of the l)ridge 
for no sparking was found to be exactly the same as when both 
the glass vessel and trough contained only air. This is analogous 
to the acoustical experiment in which an organ-pipe emits waves 
the length of which depends only on the length of the pipe, and 
noton the nature of the atmosphere in which it is made to vibrate. 
From this law Blondlot draw’s an important conclusion, wliich 
Potier has also noticed. On multiplying both sides of the equation 
T = 2 TT \ LC by V, tho equation becomes, since VT = X, 
X = 2 TT \/L V V and as X and L are independent of the 
dielectric medium, tlie product C must be so likewise. In 
passing from air to another medium C becomes K times greater, 
wdiile V must Ik? inultijdied by the reciprocal of the refractive 
index 1 /i of the new medium. Thus K x 1 = 1, or K = 

which is tlie relation an-ived at theoretically by Maxwell. 
Blondlot lias therefore verified this relation for the two liquids 
lie used, and liis experiments confirm those of Arons and Rubens, 
quoted in tlie Year-Book ’’ for (p. 7()). In the case of castor 
oil, the value they give for \ K is 2*1?^, while the index of 
refnietion p ^ for infinitely long waves, calculated by Cauchy’s 
formula, is 1*467. It is not Maxwell’s relation w liich is here at 
fault, but the metliod of calculating p y (see also p. 32). In 
Blondlot ’s experiiiu^nts the condition is fulHlled that K and p 
relate to waxes of the same length, and the method has tho 
further advantage that it is independent of all measurements, and 
involves only a determination of the equality of two lengths. 

Blondlot finally points out that the reasoning founded on tho 
consideration of homogeneity supposes tliat the dielectric 
properties of the medium are expressible by a single constant. If 
several coefficients were necessary, tlie wave-huigth would no 
longer be independent of the medium, and Maxwell’s relation 
might fail. Experiment alone can decide this point. {Compies 
liendusy cxv. 225 ; also Electriciariy xxix. 357.) 

a A. Fitigerald, at a meeting of the Physical Society of 
lioiidon, made some suggestions for the maintenance or driving of 
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electromagnetic vibrations by electromagnetic or electrostatic 
engines. Comparing such vibrations with those of sound, the 
discharges of a Leyden jar or condenser are analogous to the 
transient sound produced by suddenly uncorking a bottle; the 
effect which it is desired to obtain is analogous to that of blowing 
continuously over across the top of the bottle ; in other words, 
some form of electrical organ-pipe or whistle is required. Various 
suggested methods towards attaining this object were discussed. 

The first device suggested was to use a discharging circuit, 
part of which was divided into two branches with a secondary 
circuit between them tuned to respond to the primary vibrations. 
If spark-gaps were put between the ends of the branches and the 
main wire, the magnetic effect of the secondary should cause the 
spark to choose the two paths alternately, like the air-current at 
the lip of an organ pipe. 

Another device was based on the use of an ironless dynamo of 
sufficiently rapid rotation, made to send a current through itself. 
Electrostatic machines were considered, however, more promising, 
and from the fact that alternating currents could made to 
drive electrostatic multipliers Fitzgerald considered that the 
latter miglit be made to drive alternating currents. A modified 
form of electrostatic multiplier was described, which it was 
thought might possibly afford a feasible solution of the problem. 
In this machine the collectors were supposed joined to the ends 
of the vibrating circuit, and would therefore become alternately 
-f and — . Inductors and brushes w’ero to be arranged so that 
an insulating cylinder turning between them might have a suffi- 
ciently large number of 4- and — charges distributetl alternately 
round its surface, and these charges were to be collected at the 
proper instants, so jvs to sustiin the vibrations, {yatiire, xlv. 358.) 

In the discussion which followH'd the reading of this paper, 
allusion w’as made to a device of Trouton (Elect nr iafkj xxviii. 
302), which consists of passing an alternating current through 
the field magnets of a dynamo instead of the ordinary continu- 
ous current. The current derived from the armature w ould be 
of double the frequency, so that the limit of frequency attain- 
able witli a single machine could be doubled. This process, 
liow’ever, does not admit of continuous doubling, the successive 
effects of the addition of other machines only producing an arith- 
metical and not a geoimdrical mte of increase, so that to inciease 
tlie pericKl a thousandfold a thousand machines would be inquired. 

A device for maintaining electromagnetic vibmtions based on the 
property of bismuth, of increasing its resistance in a magnetic 
field, has been suggested by T. A* Garrett (Elecfnctan, xxviii. 333). 
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Y, has continued his investigations on the dampening 

of electrical vibrations in metallic wires, and has attempted to 
determine whether the pro|)erties of the metals have any influence 
on the propagation of the waves. For this purpose he employed 
resonator circles of six diflbrent metals, of the same diameter and 
length, viz. — copper, brass, Gennan-silver, platinum, nickel, and 
iron. The secondary sjmrks obtained in a Hertz resonator 
measure the greatest diflereiice of potential between the ends of 
the spark-gap which arises during the oscillations. According to 
Hertz’s measurements, which were based on observations of the 
sj>arking, the influence of the nature of the metals was not felt, 
but when in Bjerknes’ measurements the ends of the sj)ark-gap 
were connected to an electrometer, wdiich measured the collective 
effect of several oscillations, the different metals showed very 
marked differences of behaviour. If the observations are jdotted 
on a diagmin, with specific resishinees as abscissa^ and electro- 
meter deflections as <»rdinates, the non-magnetic elements are 
found to Ik? on an even curve, while nickel and iron fall below 
the curve in projx)rtion to their magnetism. Bjerknes, therefore, 
states the pro|)osition that “the power of metals to damp the 
electric oscillations increases with their sjKiciffc resistance and 
magnetism.” It results from these experiments tliat the mag- 
netisation of iron follows the oscillations, and that therefore it 
is jK)ssiblo to revei-se the magnetisation of nickel or iron 
some humlred million times in a second. To ascertain in how 
far the effects are confined to the surfaces of the wires, Bjerknes 
covered an iron wire with thicker and thicker electrolytic layers 
of copjTcr. The wire acted as a pure cop[)er wire when the layer 
was 0*01 mm. thick. When a copper >\ire was covered with 
electrolytic layers of iron, ev'on a layer *0002 mm. thick had an 
appreciable effect, and the wire lieliaved ;is a solicl iron win? when 
the layer was 0*003 mm. thick. Bj(?rknes concludes, therefore, 
that the currents jK?netrate less deeply into the magnetic metals 
than into the nonmagnetic metals. {Wipd, vi ??//., xlvii. 69; 
Compies RendfiSy cxv. 72o; and xxx. 69.) 

A. Perot verifies Bjerk in ‘s’ formula for the damping of electrical 
oscillations in a wire, and supports Bjerknes’ and Poincar<5’s ex- 
planation of multiple resonance. (Comptss R^.ndua, cx'w. 165; 
also Elfrtririany xxviii. 453.) 

A. Toepler has succeeded in oVitaiiiing very powerful radiation 
of electrical waves of small wave-lengths (up to 700 million 
oscillations per second) by means of cylindrical oscillators, 4 to 
15 cm. in diameter, connected to a Toepler influence machine 
with 20 dicoi^ each of 30 cm, radius. The machine was connected 
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to the oscillator by badly conducting liquid threads^ formed by a 
solution of copper sulphate in capillaiy tubes. The two halves of 
the oscillator were in line with one another, and were separated 
by a spark-gaj) 7 or 8 mrn, wide. The resonators were also 
of simple straight form, and of a length such that each of the 
halves was in resonance with the fundamental vibrations of the 
oscillator. An extremely rapid succession of about 300 sparks 
per second passed in the oscillator gap, wliich produced such 
intense oscillations that an apparently continuous diffuse light, 
visible even in clear daylight, w’as produced in the resonator 
spark-gap. With small oscillators, 14 cm. long, the secondary 
sparks could easily be obtained at the greatest available distance, 

8 metres, without any reflectors, and Tocpler considers that under 
favourable circumstances they could be observed at distances of 
50 or 60 metres. 

The j)rimary sparks fire very sensitive to currents of air, 
which rapidly extinguish the secondary sparks. Even breathing 
on the cold surfaces of the jirimary spark-gap sufficed to render 
the sparks inactive in producing re.sonance. Sparks, however, 
which were not observably influenced by disturbing causes were 
obtained by connecting the oscillator to a condenser, by the dis- 
charge of which through the spark-gap more powerful sparks 
were obtained in which the rapid oscillations of the oscillator 
were superposed on tin* slower oscillations of the condenser. The 
terminals of the influeiice machine were connected to the col- 
lector-plates of a small double condenser, consisting of two 
pairs of circular metal plates, sepai*ated by a thin sheet of glass 
coated with paraffin. Tlie collector-plates were connected also 
to an adjustable discharge-gap. The two plates of the condenser 
opposite to the collector-plates were connected by thick wire or 
brass tube conductors to the o.scillator, close to the spark-gap. 
The spark-gap between the collector-plates was made much 
greater than that of the oscillator. ^\ hen the machine is 
worked weak s|)arks pass the oscillator s}>ai*k-gap, until the 
condenser i.s fully charged, when strongly luminous sparks pass 
simultaneously at both gaps. The weak sparks are not obsers^ably 
oscillatory ; the stiong sparks, which, when the machine is at 
normal speed of revolution, follow' one another about 100 times 
a second, are markedly so. Even with a wdde I'esonator spark- 
gap (0*5 mm.), the s|)arks at once appear, and then can 
detected at a di.stance of 8 metises. Toepler shows that it is 
the rapid oscillations proper to the oscillator itself which are 
active in producing the i-esonance. 

With tills arrangement Toepler has obtained the effects of 
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i*esoiiaiice ithin the whole of the space available, both with the 
smallest influence machine in his possession and with an ordinary 
Winters machine. With the 20-disc machine much more power- 
ful effects could have been obtained by the use of larger 
capacities. The effects even with a small machine were as 
powerful as are obtained ordinarily with a very large 60-plate 
machine or a high tension Ruhmkorff coil. 

A remarkable property of the influence machine sparks is that 
the production of oscillations depends upon the speed of rotation 
of the maclune. With the 20-disc machine the speed was about 
20 rotations per second. By reducing the speed so that the sparks 
correspond to tliat of an ordinary Holtz machine, they were no 
longer o.scillatory, although to the eye unaltered. Sparks starting 
from a surface of water are oscillation less ; probably lightning 
discharges are not oscillatory for a similar reason. Strong 
development of sound and light cannot be regarded as indicating 
the presence of oscillations. Tlie active sparks w’ere remarkably 
weak in luminosity and reddish-blue in colour. {WieiL Ann,^ 
xlvi. 30(>, 464, 612.) 

E. Sarasin and L. de la Rive have found that inor(‘ powerful effects 
of re.sonance an* obtained wli(‘n the primary sparks in a Hertz 
oscillator are made to juss in an insulating li<iuid. By enclosing 
the spark-gap in a cylindrical glass bottle containing olive-oil, 
sparks up to 1 cm. could !>(» obtained in the oil. The effect of 
this device on the resonator was most marked. Close to the 
oscillaU)r the spark became a positive blaze, and nt 10 metres 
distance in the case of large re.sonators—0'75 to 1 metre — it 
was still very bright and visible from afar. Experiments on the 
interference effects produced by a plane metallic reflector showt^d 
that, as when the discharge takes place in air, they gave the 
wave-length ])roper to the resonator em|>loyed. When a suffi- 
ciently large quantity of oil is used there is no perceptible 
heating, and the impairing of the liquid by carbonisation does not 
affect the intensity even after tw^enty minutes’ working. This 
fact, wlien compared with the mpid diminution of cfl'ect in air 
which has to be n*inedied by frequent cleaning of the terminals, is 
a decided advantage. Essence of turpentine and petroleum w^ere 
also tried, but oil was found the safest and most advantageous. 
(Comptes Ilendaa, cxv. 430; Ehctrician^ xxix. 57H.) 

Sarasin and De la Bive have used this new arrangement in 
repeating their previous experiments on the reflection of electric 
waves with a very large mirror, 8 metres high and 16 m. broad. 
The question of the equality of the rate of j)ro[)agation in air and 
atmears to be definitely H(*ttled by the use* of the large 
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Unri^or, and the conclusions arrived at by Sarasin and De la Rive 
in previous researches are fully confirmed for large wave-lengths, 
viz. : — (1) The secomlary resonator has a fixed wave-length^ what- 
ever mag be the size of the oscillator^ the strength of the oscillations 
alone varying. (2) One quarter of the wave length of a circular 
resonator is very approximately equal to twice its diameter. (3) In 
the case of normal refection the first node is exactly at the mirror. 
(4) The rate of propagation of electric waves is the same in air as 
along conducting wires. (Comptes Rendus, cxv. 1277; Electrician, 
XXX. 270.) 

I. Klemencie describes a method of determining electromagnetic 
radiation, by bringing a thermo-element near a fine platinum wire 
heated by the electrical vibrations in the resonator, and measur- 
ing the rise of temperature of the junction. Two series of experi- 
ments were made. In the fiist the resonator consisted of two 
brass plates, 30 cm. by 5 cm., united by a thin platinum wiie 
2 cm. long. In this case there was a rate of production of heat 
of 0*000150 calorie ])er second. In the second the resonator was 
a single platinum win? 20*3 cm. long, expo-sed to the radiation. 
The In^at devedopment in this case was 0*000088 calorie per 
second. In both cases Hertz’s reflectors were used, with a 
distance of 1*44 metres between the focal lines. The primary 
wave-length was GG cm. The second result agrees closely with 
that of Boys, Briscoe, and Watson {see ‘‘Year-Book'’ for 1891, 
p. 67), since wlien reduced to 1 cm. of wire both give *0000033 
calorie per second. Owing, however, to the great diflerence in 
the two methods, this close agreement is only accidental. {Phil. 
Mag. [5], xxxiii. 39G.) 

L. Axohb finds that by enclosing the two wires of a Lecher's 
arrangement for propagating electric waves in a long glass tube 
exhausted of air the oscillations can l>e rendered visible. The 
tube used was 250 cm. long and 6 cm. in diameter. The two 
parallel wires passing through it were of aluminium, 2 mm. 
diameter, and were placed 3 cm. apart. At the ends of the tubes 
they passed through corks rendered air-tight by sealing-wax. 
The fixed bridge conn€*cted the wires near the far end of the 
tube. The tube was exhausted to a vacuum of 10 to 20 mm. A 
cross-bridge connected the wires beUveen the tube and oscillator. 
When this bridge was moved to a suitable position, 1, 2, 3, 4. 
and even 5 ventral segments could l>e obtained in the tube. The 
wires remained dark at the nodes, but at the ventml segments 
they glowed with a bluish-white light. The most favourable 
pressures to use are not below those obtainable w*ith a good 
water-pump. ( ]Vied. Ann., xlv. 553.) 



96 


THE YEAR-BOOK OF 801BK0E. 


L. Zebnder describes a method of rendering the oscillations in 
a resonator visible by means of a vacuum tul>e containing two 
electi'odes connected to a battery of small accumulators (600 Plants 
cells) with a potential diffei*ence such that the discharge is just 
unable to pass. Two other electrodes with a small spark-gap are 
arranged close to the cathode, perpendicularly to the line joining 
it to the anode. When the Hertzian sparks pass between the 
latter electrodes the resistance to the passage of the current from 
the accumulators is diminished sufticiently for the discharge to 
pass, and the tube lights up. The ex])eriment also succeeds, but 
not so well, with an indnclion coil in place of the secondary cells, 
or by bringing the end of a wire fiom one electrode near to the 
jnimary circuit of the oscillator, and connecting the other 
electrode to earth. (Wied. Ann., xlvii. 77.) 

W. Lucas and T. A. Gkurrett render the secondary sparks visible 
by placing the resonator spark-gap within a glass tube, in which 
an explosive mixture of H and Cl is generated electrolytically. 
Even the smallest sparks can be rendered easily visible by the 
explosions they produce. {Phil, May, [5], xxxiii. 299.) 

E. C. Rimington and Wythe Smith have attempted, with partial 
success, to show’ Hertzian oscillations by substituting a Geissler 
tube for the spark-gap in the resonator. {Electrician, xxx. 154.) 

Speeifie inductive capacity. 

A. Perot has made some measurements of the dicdectric con- 
stants of spirit of tur[)entine, ice, resin, and glass, by a method 
based on M. Blondlot’s demonstration that the period of the 
oscillations of resonators such as he employed in his n searches is 
proportional to the square-root of their capacity {see p. 87). If, 
therefore, tlie wave-length of the resonator is determined lirst (Xj) 
with air as the dielectric, then (X,) with a body the dielectric 
constant of which is the relation holds n* = The wave- 

lengths were deU^rmined by a Blondlot^s oscillator by tlie method 
of a movable bridge. The re.sonator consisted of two strong 
square plates placed parallel to each other and connected to a 
micrometer spark-gap and a rectangular circuit. For turpcmtine 
the result found was *: = 2*25. For icc the numbers lay between 
60 and 71, a result conhrming the high values found for the 
specific inductive capacity of ice by M. Bouty. 

The measurements of the constants of resin and glass were 
made with periods of charge varying from 70 to 880 10 see,, 
and the results were compared w ith other determinations made 
by the prism method (‘‘Year Book’’ for 1891, j). 78), and by the 
method of the Imllistic galvanometer. The values of k given 
by the prism method agree well with those found by the use 



of the most rapid oscillations, especially in the case of glass, where 
K varies from 2*39 to 6*10. This can be explained by the assump- 
tion that the residual charge is caused by the polarisation of 
electrolytic cellules scattered arbitrarily throughout the dielectric. 
The polarisation of these cellules has no influence on the direction 
of the lines of force, and thus does not afiect the measurements. 
When <c is measured by the use of a condenser, the result increases 
with the duration of charge, and tends to a limiting value which 
appears to be equal to that given by the measurement of the 
deviation of equipotential surfaces. This value is to be considered 
as the true dielectric constant. (Camples ItendtiSy cxiv. 1,528, 
and cxv. 38, 165.) 

J. Lefebvre, in a communication to the Academie des Sciences, 
described experiments by a method based on Coulomb’s torsion 
balance, in which the dielectric constant is measured by finding 
the repulsion between two balls when (1) there is only air between 
them, and when (2) a plate of the dielectric is interposed He 
finds in this way the following values : — Sulphur, 2*6 to 3*9 
(accoi’ding to age, the value increasing with time) ; St. Gobain 
glass, 2*4 to 3*45; ebonite, 2*3; paraffin, 2; petroleum, 1*9; 
carbon bisulphide, 1*7 ; spirit of turpentine, 1*5. Lefebvre 
criticises a formula of Lord Kelvin’s for the potential, at a point 
on the side of a dielectric plate opposite to a given charged point. 
(Camples Rendus^ cxiii. 688.) 

In another place Lefebvre describes measurements of the 
attraction between two electrified plates separated by a dielectric, 
and verifies that it is expressed by the relation 

F/Fi = (6 + s^fi(eiK + e^f ; 

where F is the atti*action of the two plates at a distance 6 + in 
air, Fj is the attraction when the dielectric plate of thickness e 
and constant k is interposed. The attraction was measured by a 
sensitive balance carrying one of the plates, which was provided 
with a guard-ring and suspended above the other fixed plate in 
dry air inside a cage. Observations were made with plates of 
sulphur and paraffin and some liquids whicli were held in a ^hiss 
cell, a correction for which is made. A comparison t>f the results 
thus obtained with those found by the torsion balance' metluxl 
proves the formula to be correct, and shows that the method is 
a simple and rapid one for finding specific inductive capacities, 
requiring only a sensitive balance, and preferable to most other 
methods in use. (Jouni, de Physique [3], i 243.) 

F. T. Trouton and W. £. Lilly describe a methoil of measuiing 
specific inductive capacity by finding the force with which a plate 
H 
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of a dielectric is sucked in between the plates of a condenser. 
The condenser is made in the form of alternate quadrants of a 
quadrant electrometer, and the dielectric in the form of a double 
fan-shaped needle suspended bifilarly. A formula is deduced 
connecting the dielectric constant with the deflection and the 
constants of the apparatus. The method is suited both to constant 
and to rapidly alternating electrifications. In the latter case an 
approximation may be made towards the instantaneous value of 
K, and the method is particularly suited to this purpose. It is 
further claimed that the method avoids all doubtful approximate 
calculations, and when reduced in size it may be used for such 
measurements as the specific inductive capacity of crystals in 
different directions. (Phil, Mag, [5], xxxiii. 529.) 

E. Cohn discusses the measurement of the dielectric constant 
of water by a method based on Hertz oscillations, by means of 
which the refractive index is obtained for very long wave-lengths, 
and then by Maxwell's theory k is determined by the relation 
K = \3?, The method was similar to that of Rubens (see ‘‘ Year- 
Book’' for 1891, p. 73), a portion of the wires being carried 
through a trough containing water. Movable bridges were 
arranged so as to make the resonance at the small Leyden jars a 
maximum at points in the parts of the wires in the air and in the 
water respectively, and the distances of the bridges gave the 
wave-lengths in air and in water respectively. By means of this 
armngement it was found that for oscillations of some hundred 
millions a second the refractive index of distilled water is 8-6 at 
17'’ C. Thus, by Maxwell's relation ic = 73*5. The method 
also permitted of measurements of k for watery solutions of salt 
up to a conductivity of \ = 500 x 10~^® referred to mercury. 
In these k increases with increasing percentage of salt. The 
increase is about 7 per cent, on passing from distilled water 
(\= 7*4 X 10“^^’) to a solution of common salt of conductivity 
\ = 455 X 10“^". The observed constant k of distilled water is 
accordingly identical within limits of errors of experiment with 
that of absolutely pure water. The refractive index of distilled 
water is in a very high degree dependent on the temperature. 
The decrease is about 7 per cent, in the interval from 9° to 35“ C. 
The variation agrees well with Lorentz's relation (ti2—l)/(n3-l-2)c/= 
constant, where d is the density. It is incompatible with either 
of the formulae (n — 1) / rf = constant, or (v? — 1) / rf = constant, 
which, within the narrow limits of the optical refractive indices, 
have done good service. (Wied. Ann.y xlv. 370.) 

£. Bouty, utilising the fact that his method of measuring . the 
dielectric constant of mica at high temperatures is applicable to 
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dielectrics having a small electrolytic conductivity, has applied 
the method to the investigation of the coexistence of specific 
inductive capacity k and electrolytic conductivity p. The charge q 
of two rigidly fixed metallic plates is first found in air, then the 
plates are plunged into the dielectric conducting mass, and by 
the aid of a torsion pendulum the plates are connected for a 
known brief time t to the charging battery. The quantity 
of electricity Q is received and measured by a microfarad con- 
denser. The relation Q/q = i: + iirtjp enables k and p to be 
simultaneously determined. Owing to the high conductivity of 
water, its constant could not be measured in this way, but 
Bouty has determined that of ice, which at 0° C. has a 
resistance some 12,000 times higher than that of water. At 
— 23° C. ice was found to have the specific inductive capacity 
of 78, which remained much the same as the temperature 
increased, although the conductivity increased. The very 
high specific inductive capacity of ice is therefore beyond all 
question. It also follows Irom these experiments that dielectric 
power and electrolytic conductivity can cc-oxist in the same 
substance ; moreover, the specific inductive capacity varies but 
little under conditions in which the conductivity increases 
enormously. Bouty has also applied the method to the study of 
good insulators, such as benzine, spirit of turpentine, and bisulphide 
of carbon mixed with a small proportion of absolute alcohol or 
ether. The addition of the conducting liquid raises the dielectric 
constant of the mixture nearly proportionately to its mass, so 
that it is legitimate to calculate its own constant by interpolation. 
Alcohol gives thus the value k = 8, only about a third of that given 
b^ Cohn and Arons and Rosa. Ether gives k = 4’8, a value 
agreeing with that of Quincke. 

From the point of view of specific resistance, the mixtures of 
alcohol and water present a remarkable peculiarity. The first 
traces of alcohol scarcely raise the conductivity, which then, 
although it increases rapidly, remains less than that calculated by 
the rule of mixtures. From this it may be concluded that the 
conductivity of alcohol arises, at least in part, from foreign bodies 
which are probably insoluble in pure benzine, and that therefore 
the superposed conductivity and dielectric power do not really 
belong to the same molecules. The same objection does not 
appear applicable to other experiments on the alkaline nitrates in 
the solid state, and especially on the mixture in equivalent pro- 
portions of nitrates of potash and soda. The experiments give a 
value of *: approximating to 4, and nearly invariable within 
limits of temperature in which the specific resistance varies in the 
H 2 
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ratio 138 to 1. The conductivity in this case cannot be 
attributed to a superficial hygrometric layer, nor to impurities 
spread through the mass of the salt, for these, if they existed, 
would possess a conductivity of the same order as that of the salt 
itself. The conductivity and dielectric power belong, therefore, 
to molecules of the same kind. If experiments could be extended 
to ordinary electrolytes they would probably give similar results — 
that is to say, finite values of the constant jc. The distinction 
between dielectrics and electrolytes lies, therefore, solely in the 
order of magnitude of their conductivity. The dielectric polarisa- 
tion, established in a time very short in comparison with a ten- 
thousandth of a second, would correspond in the scheme of 
Grotthus to the initial orientation of the composite molecules, 
their conductivity to their progressive rupture. {Comptes liendus^ 
cxiv. 533 and cxv. 1421 ; also Journ. de Phys. [3], i. 445.) 

H. O. G. Ellinger, in order to investigate the dielectric constant 
of water and alcohol, measures the refractive index of a prism of 
the liquid for electrical waves by means of a Hertz apparatus 
with parabolic mirrors. The liquid was contained in a wooden 
prismatic box, 1 ’25 metre high. This was placed between the 
mirrors so that the axes of the latter made equal angles with the 
faces of the prism, and the angles were varied by moving the 
mirrors equally until the angle at which maximum resonance was 
obtained was found. In an experiment with a prism of 3° 45' 
angle, containing about 50 litres of water, the sparks appeared 
when the axes of the mirrors made an angle of nearly 30° with 
each other. A small motion either way made the sparks dis- 
appear. This makes the refractive index of water for electrical 
waves about 9 (and k* =;= 81). Further experiments are being 
carried out by this method. {Wied. Ann.y xlvL 513.) 

In the ‘‘ Year-Book for 1891 (p. 80) reference was made to 
some experiments by E. B, Bosa on the specific inductive capacity 
of electrolytes. Prof. Rosa has since made further experiments 
on this subject. The method used is based on the consideration 
that force is exerted on a solid dielectric in a non-uniform electric 
field in an isotropic fluid medium, which varies with the relations 
between the specific inductive capacities k and of the fluid 
medium and solid dielectric. If k is greater than the solid is 
acted upon by a resultant force which urges it towards the 
stronger parts of the field. If, however, k is less than the solid 
tends to move towards those regions where the electric force is 
less. Thus glass would go towards the stronger pai*ts of the field 
in air, turpentine and other dielectrics having a small value of 
X, and towards the weaker regions in water and alcohol. More- 
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over, since k for water and alcohol is very large, the glass would 
experience a force many times greater in water in the one direc- 
tion than in the other. 

To obtain an electrical field in which the intensity of the 
force varies in a known manner Sosa used two parallel wires 
oppositely charged. Two pairs of electrodes were employed, and 
in the two fields between the pairs two cylinders of the solid 
dielectric were suspended from the ends of the arm of a torsion 
balance. One electrode of each pair was joined to one pole of a 
battery furnishing any desired potential up to 140 volts; the 
other electrodes were joined to the other pole. A rotating commu- 
tator served to give alternations of 50 to 100 per second. Each 
cylinder was made to occupy a point in the field about a quarter 
of the distance between the axes of the cylindrical electrodes from 
the line midway between them. About ^ this point of maximum 
force the field varies but little for a considerable distance, so that 
an exact knowledge of the position of the cylinders is not necessary. 
The deflection was measured by a telescope and scale, and the 
force determined in absolute measure. 

The following is a brief statement of some of the results 
observed : — 

(1) Glass cylinders in air, petroleum oils, bisulphide of carbon, 
turpentine, and benzine are attracted ; that is, move into the 
stronger parts of the field. 

(2) The force is least in air and greatest in turpentine. 

(3) In water, alcohol, and ether, glass is repelled, the forces 
being nearly in the ratios of 9:3:1 respectively. In bisulphide 
of carbon, containing about 20 per cent, of the same ether, glass is 
attracted, but with about 40 per cent, it is repelled. 

(4) The force of repulsion on glass in water is over 60 times 
as great as the attraction in air. 

If the cylinder is a conductor, and is surrounded by a non- 
conducting medium, the resultant force is always an attraction. 
If the surrounding medium is a conductor the case is not modi- 
fied, providing the solid is a very much better conductor. Thus 
suppose the cylinder is carbon, and the medium water, the lines 
of force will be arranged sensibly the same as though water were 
a nonconductor, and carbon a perfect conductor. The resultant 
force on the cylinder in a given field will evidently be proportional 
to the specific inductive capacity of the medium of the field. 
This is a much simpler case than that of a solid dielectric in a 
liquid, where the conductivity of the liquid and the specific in- 
ductive capacity of the solid aflfect the result. It would therefore 
seem an excellent method of measuring the specific inductive 
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capacity of liquids which are not too viscous. Accordingly 
measurements were made with cylinders of carbon (cut out of an 
arc-light carbon), mounted as above in the torsion balance, im- 
mersed in different liquids. The results obtained when calculated 
by the formula developed in the paper, gave the following values 
for the specific inductive capacity: — Water at 16°*5 C. 70; 
alcohol (about 93 per cent.), 30*9 ; ether (with water and alcohol 
impurities), 8*4; turpentine, 2*39; petroleum oil (300° test), 
2 04; petroleum oil (light illuminating), 1*97. {Phil. Mag. [5], 
xxxiv. 344.) 

C. Steinmetz, arguing from the analogy between the behaviour 
of dielectric bodies in an electrostatic field, and that of a magnetic 
body in a magnetic field, considers that in a dielectric medium 
subjected to alternating electrostatic stresses, as for example in 
the dielectric of a condenser which is alternately charged and dis- 
charged, the consumption of energy which occurs depends on the 
intensity of the electrostatic field, according to a law similar to 
that of magnetic hysteresis. Steinmetz has shown that in the 
latter case the loss of energy H in magnetisable bodies under 
alternating magnetic stresses is expressed by the formula 
Experiments on condensers with paraffin paper insu- 
lation in an alternating circuit of 170 alternations per second 
led to the result that the energy consumed by the dielectric 
medium under alternating electrostatic stresses is directly pro- 
portional to the square of the intensity of the electrostatic strain ; 
that is, it is proportional to the square of the electromotive force 
acting on the condenser or H = i: E-. Thus while magnetic 
hysteresis follows the l*6th power, the dielectric hysteresis 
follows a simple law of squares ; that is, it acts just the same as a 
mere dejid resistance. {Electrician^ xxviii. 602.) 

A. P. Chattock suggests an electrolytic theory of dielectrics, 
based on the phenomena of pyro- and j>iozo-electric in crystals. 
He assumes that chains of alternately positively and negatively 
electrified molecules occur parallel to the pyroelectric axis. 
The molecules tend to pair, but the ])airing is resisted by mutual 
repulsion due to their mechanical heat motion. Changes of 
temperature or pressure, which alter the distances between the 
molecules, give rise to an alteration in the free charge at the 
end of each chain, and so produce pyro- or piezo-electricity. 
The existence of initially and oppositely charged molecules which 
is thus assumed, is then considered in relation to the general 
properties of dielectrics, such as cohesion, specific inductive 
capacity, and dielectric strength, and in each case, including 
pyro- and piezo-electricity, an approximate value for the mole* 
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cular charges is calculated. The fact that these all come out of 
the same order of magnitude as that of the charges carried by 
ions in electrolysis, is held as a support of the view that such 
charges exist. {Phil, Mag, [5], xxxiv. 461.) 

Condensers; ratio of electromagnetic and electro- 
static units. 

W. L. Bobb has made an experimental examination of the 
oscillations that occur in charging a condenser. The method 
which was used to obtain small times of charging was suggested 
by Prof. H. F. Weber. Two steel spheres were arranged in 
contact, one was stationary, the other was suspended from a fine 
wire. The condenser was charged by allowing the small sphere 
to swing against the larger and rebound. The length of time of 
contact was varied by varying the size of the smaller sphere, the 
number of times the spheres were brought into contact, or the 
velocity of the smaller sphere. Although the first experiments 
are simply qualitative in their character, it can bo concluded as a 
result of the observations that oscillations in the charge of a 
condenser occur during the charging, and that the amplitude of 
these oscillations diminishes rapidly as the time increases, and 
may be increased either by diminishing the resistance, or by in- 
creasing either the electromotive force, the self-induction, or the 
capacity. Subsequent experiments of a qualitative character, in 
which the condenser was charged by a Helmholtz pendulum, con- 
firmed the first results. {Phil, Mag, [o], xxxiv. 389.) 

Lord Kelvin, in a communication to the Royal Society, describes 
a new form of air leyden, or air condenser, which has been devised 
for the purpose of enabling measurements to be made with the 
aid of a suitable electrometer of small electrostatic capacity. 
It consists of two systems of square brass plates, the members of 
each system being bolted together at the four corners, so that tlie 
plates are parallel and at equal distances apart. One system 
rests on three vulcanite feet, the other rests by means of the hole, 
slot, and plane arrangement on three glass columns attached to 
three metal screws, which can be adjusted so that the plates of 
this system are exactly midway between and parallel to those of 
the first system. {Proc, Roy, Soc,, lii. 6.) 

H. Abraham has made a redetermination of the ratio v of. the 
electromagnetic and electrostatic C.G.S. units of electrical 
quantity. The method adopted was that of measuring experi- 
mentally in electromagnetic units the capacity of a condenser, 
the electrostatic measure of which is calculated from the linear 
dimensions of the condenser. For the purpose of the research 
a standard air condenser with a capacity of 500 C.G.S. electro- 
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static units was specially constructed. Two circular discs of St. 
Gobain plate glass, 2*3 cm. thick and 35 cm. diameter, were 
silvered on the faces and edges. The opposing faces were 
accurately planed before silvering. One plate was supported 
horizontally on cloth pads resting on paraffin supports. The 
silvered surface of the other plate was divided by a circular cut, 
0*1 mm. wide, into a collecting plate and guard-ring. Contact 
with the collecting plate could be made by a conical hole in the 
centre of the glass plate. This hole was silvered and stopped 
with an accurately-fitting silver plug, to which the connecting 
wire was attached. The guard-ring plate was separated from the 
other by three accurately-turned quartz washers. These afforded 
excellent insulation. The insulation resistance of the condenser 
was over 80,000 megohms. With the width adopted for the 
guard-ring (8-5 cm.) the correction for the edge is less than 
T 6ven when the plates are 1 cm. apart. From the results 
of five series of concordant measurements of v made with this 
condenser, the mean value 299*2 x 10® is arrived at. This value 
is considered correct to yoVo part. (Joum, de Phys, [3], i. 361.) 

Electrolysis and electrolytic resistance* 

A. Schuster and A. W. Crossley, in a paper read before the Eoyal 
Society, show that the reason why deposits of silver obtained in 
vacuo are somewhat larger than in air at ordinary pressure is to 
be ascribed to the influence of dissolved oxygen, for when the 
electrolysis was carried out in an atmosphere of oxygen the 
deposits were less than those obtained in air. In the experi- 
ments, platinum bowls 5 inches and 3^ inches in diameter were 
used, and a consistent difference of about 0*02 per cent. w*as 
obtained in favour of the larger bowl. Some experiments seem 
to show that when anodes of the same size are used this dis- 
crepancy disappears, confirming the impression of the authors 
that the effect may possibly be due to secondary products formed 
at the anode when the current density exceeds a certain value. 
The results of similar experiments in vacuo were not very con- 
cordant, but the average deposits were heavier in the larger bowl. 
The electrochemical equivalent of silver as deduced from electro- 
lysis in vacuo was almost identical with that obtained from Lord 
Rayleigh and Mrs. Sidgwick's deposits from hot solutions. The 
experiments showed a small but constant polarisation of seven 
millivolts, which was the same in air and in vacuo. The authors 
conclude from their experiments that the true electrochemical 
equivalent of silver is probably not quite one part in 1,000 
greater than the value given by Lord Rayleigh. {Electrician^ 
xxix. 326.) 
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C. Ludeking has made a series of experiments on the action of 
the electrical discharges of an induction coil on gases and vapours. 
Water' vapour offers great resistance to the passage of the sparks 
as compared with air. In the gases collected from the + and — 
terminals an excess of oxygen is found in the former, and of 
hydrogen in the latter, Hydriodic-acid vapour is readily decom- 
posed, the + pole becoming coated with iodine, but a great part 
of the decomposition is due to thermal dissociation by the sparks. 
Ludeking considers that a pure gas is not electrolytically con- 
ducting, but that by the thermal dissociation caused by the 
sparks a mixture of gases is formed which conducts fairly well so 
that electrolysis may then take place. The electrolytic conduc- 
tion is not simultaneous with the passage of the sparks and 
consequent thermal dissociation. He concludes that the decompo- 
sition is in part a true electrolysis after the manner of a Grotthus 
chain, as assumed by E. Wiedemann and J. J. Thomson. The 
hydrocarbon gases, olefiant gas, marsh gas, and coal gas, yield 
deposits of carbon the greater part of which grows on the + pole 
in the form of a fine hard brittle conducting filament, toothed 
regularly with sharp cones projecting towards the — pole. That 
on the — pole is soft and sooty. The former indicates a true 
electrolysis, the latter a thermal dissociation which in amount is 
far inferior to the former. The volumes of the olefiant gas and 
marsh gas increase with the sparking to double the original 
volume, so that decomposition is probably perfect. This experi- 
ment contrasts curiously with that in which acetylene is produced 
by the discharge between carbon electrodes in hydrogen. It 
would seem that acetylene is itself decomposed when one or both 
of the electrodes are metals. No carbon filaments are formed by 
the discharge in chloroform or carbon tetrachloride vapours, and 
in both cases the decomposition is complex. The volume of 
carbon bisulphide vapour rapidly diminishes, the deposits are 
equal on both poles, and the decomposition appears to be a purely 
thermal one. Carbon bisulphide vapour oilers enormous re- 
sistance to the discharge. Silicon tetrachloride is not acted on 
by the discharge, and attempts to electrolyse the vapours of the 
haloid compounds of mercury were without success. It would 
seem, finally, that some of the phenomena are true electrolyses in 
part ; others seem to be only thermolyses ; that is, the compounds 
are simply dissociated by the heat of the discharge. It is very 
difficult to separate the two actions, and the phenomena indicate 
that in most cases they go hand in hand. {PhiL Mag, [5], 
xxxiii. 521.) 

L. Arons has made an experimental investigation to test 
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whether a metallic partition in an electrolytic cell can be made so 
thin that the electrical polarisation on its opposite faces can be 
suppressed. A voltameter filled with dilute sulphuric acid and 
containing platinum electrodes was divided by a glass plate down 
the middle into two divisions. In the glass plate there was a 
circular hole 1*5 cm. diameter, over which a thin diaphragm of 
pure metal (Pt. Au. Ag.) was fastened. The voltameter formed 
a simple circuit with a galvanometer and from two to five 
secondary cells. With a platinum plate 0*1 mm. thick, the 
deflection of the galvanometer fell, and a strong development of 
gas took place on each side of the plate. With a partition of 
pure gold-leaf, fastened to the plate with Canada balsam, the 
galvanometer deflection remained unchanged and no development 
of gas occurred. This was also the case when silver-leaf was used 
instead of gold. 

To test the effect of possible holes in the film a hole, 3 mm. 
diameter, was made in the platinum foil. There was still a 
strong decrease in the current and a considerable formation of 
gas on the foil. A four-fold thickness of gold-leaf gave a small 
diminution of the current. To compensate the decrease resistance 
was removed from the circuit. The resistances in ohms which it 
was thus necessary to remove in the various cases were as 
follows : — Platinum foil, 19 ; platinum foil with hole, 5 ; four-fold 
thickness of gold-leaf, 0*25 : gold-leaf and silver-leaf, 0. ( IViecf. 

A?in,, xlvi. 1G9.) 

G. Eummell has made a series of experiments on the separation 
of precipitates at the boundaries of electrolytes under the in- 
fluence of an electrical current. By the use of gelatinised 
solutions, or solutions separated by partitions of pure gelatine, he 
shows that the precipitate at the boundary is formed by convection 
of solid particles by the current from the negative pole. The fact 
that it forms first nearest to the walls of the tube is in agreement 
with Quincke’s demonstration that the convection proceeds more 
rapidly near the walls of the tube than in the middle. The 
stoppage of the precipitate at the boundary is explained by the 
fact that the convection takes place only in badly-conducting 
liquids. (IVied. An7i., xlvi. 105.) 

Willy Bein has carried out a large series of experiments on the 
velocity of the wandering of the ions in a dissolved electrolyte 
through which an electric current is passed. (Wied. Ann,, xlvi. 
29.) 

W. C. Dampier Whethaxu has communicated to the Royal Society 
a full account of his experiments on ionic velocity noticed in the 
“Year-Book” for 1891, p. 85. (Nature, xlvii. 164.) 
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K. R. Koch and A. Wiillner have made an extended examina- 
tion of the effects of polarisation at small electrodes. They 
find that a considerably increased polarisation appears with short 
platinum wire electrodes in dilute sulphuric acid. The polarisa- 
tion consists of an opposing E.M.F. and a transition resistance. 
The former is independent of the length of the wires, and with 
the 1 per cent, solution employed is not dependent on the con- 
centration of the solution. The latter has the value to which 
the polarisation of plates approximates with increasing current 
density, viz. : 3*79 volts. For a given electrode and solution it 
is independent of the current strength. With given electrodes 
it is proportional to the specific resistance of the solution, and 
with a given solution it diminishes considerably with increase of 
length of the wire electrodes. The above statements only hold, 
liowever, for a certain current strength which is dependent on 
the length of the wire electrodes and conductivity of the solution. 
If this strength is exceeded there occurs a strong increase of the 
polarisation and a corresponding strong decrease of current, 
resulting in a feeble residual currcmt the strength of which is not 
increased by further increase of E.M.F., the effect of which is 
only to produce an increase of the polarisation. The strength of 
this residual current is greater for longer wire electrodes than for 
shorter ones, it also appears to be greater when the decrease of 
current sets in through increase of the O polarisation than when 
it arises from increase of the H polarisation. After its appear- 
ance, when it is dependent on increase of the polarisation at the 
anode, the anode is quickly corroded, glows vividly, and is sub- 
jected to great internal stress, which at times causes it to split. 
When the increase of polarisation arises at the cathode, a gaseous 
envelof)e surrounds the cathode, which shines with a bluish-white 
light. With increase of E.M.F. this surrounds the whole wire, 
which theji glows, but without showing internal stresses like 
those of the anode. 

Zinc electrodes in ZnSO^, and copper electrodes in CuSO^ 
both show increase of polarisation with increase of current 
density. At the anode a sudden rise of polarisation occurs at 
a given current strength. At a Zn anode this rise appeal's to 
increase with increase of current, and proportionately to it ; 
at a Cu anode it changes little with the current, and assumes 
a stable value within certain limits of the current. This large 
polarisation can also be obtained at larger anode surfaces with 
smaller current density, if it has previously been produced at a 
small part of the surface, by means of a larger current density. 
(Wied. Ann.,xlv. 475, 759.) 
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Lagrange and P. Hoho have made somewhat similar experiments 
with copper electrodes in 10 per cent, sulphuric acid solutions. With 
sufficient increase of E.M.F. bubbling and boiling occur at the 
negative electrode, next intermittent arcs take place between the 
wire and liquid, and finally a luminous cylinder is formed, having 
the copper wire for axis. The current then becomes steady, and 
the resistance very high. Similar effects were obtained with 
platinum, zinc, tin, iron, steel, and carbon electrodes of different 
diameters, with sulphuric acid solutions of different strengths, 
and with chloride of sodium solution. The production of the 
luminosity is accompanied by an abnormal resistance which is 
localised round the - electrode. The shape of the — electrode 
appears to have little influence. Luminous effects can be 
obtained, but with more difficulty, at the + electrode. They 
cannot, however, be obtained simultaneously at both poles. 
de VAcad. Roy. de Belg. [3], xxii. 205.) 

L. Houllevigue has examined the polarisation of electrodes of 
platinum in a solution of sulphate of copper under the action of 
E.M^F.s approaching those at which the salt commences to be 
electrolysed. He finds that a definite and distinctly marked 
maximum of polarisation occurs in the neighbourhood of the point 
at which electrolysis begins. This phenomenon has previously 
been observed by himself in the case of mixtures of salts, and by 
Chaperon with electrodes of Pt in acidulated water, and of Mg' 
in potassa solution. It is therefore geneml. He explains it by 
the gradual growth of isolated crystals of copper on the electrodes. 
The polarisation of these crystals is small, and thus the mean 
polarisation is diminished. It is thus possible to fix the point at 
which electrolysis commences, by observing at what E.M.F. the 
curve of polarisation abandons its straight direction to bend 
downwards towards the axis of E.M.F.S. (Joxirn. de Phys. [3J, 
i. 385.) 

R. Lohnstein, with the view of investigating the electrical 
conductivity of electrolytes by a method eliminating the effects of 
polarisation, has made a series of experiments on the passage of 
very weak currents through the electrolytic cells, the currents 
being produced by the inductive action of a swinging magnet on 
a coil of wire forming part of the circuit. When these currents 
passed through the electrolyte between electrodes of the metal 
contained in the solution, and the resistance of the circuit was 
estimated by the logarithmic decrement or damping of the 
vibrations, the damping showed the presence of an apparent 
transition resistance at the surface of separation of the electrodes 
and electrolyte. This resistance depends on the condition of the 
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electrodes, and is very considerable if they are bright and smoothly 
polished. It is lessened by coating the electrodes with an 
electrolytic layer of the metal, and can be made to disappear more 
and more in proportion as the layer is looser and more pulverulent. 
The amalgamation of freshly-polished surfaces of metal acts in the 
same way. In this way the transition resistance may be made to 
vanish completely ; when this has been attained, very weak 
currents can pass through the liquid cells as if through an 
ordinary metallic resistance, and neither polarisation nor transition 
resistance occurs. (Wied. Ann,^ xlvii. 299.) 

A. W. Remold and A. W. Rucker described at the meeting of the 
British Association a curious property of thin liquid films with 
respect to their electrical resistance. A film of aqueous soap 
solution containing glycerine has a specific conductivity which is 
much greater than that of the liquid in bulk. The thinnest films 
have a resistance seven times as great. When, however, a small 
proportion of a metallic salt, such as KoSO^, is dissolved in the 
solution, the resistance of even the thinnest films is the same as 
that of the liquid in mass. 

The voltaic cell. 

E. F. Herroun has examined the E.M.F.s of platinum-zinc and 
gold-zinc cells with the view of determining the relative ^xisitions 
of Pt and Au in Volta\s tension series. In modern text books 
Pt is placed after Au, but according to thcnno-chemical data 
Au should be more negative than Pt, at least in chloride solu- 
tions, and in those in which oxygen is the attacking medium. 
A Zn-Pt cell was made in which the Pt electrode was immersed 
in a neutral solution of PtCl^ 2 NaOl, and tlie Zn electrode in 
ZnChi, both solutions containing *25 equivalent of the salt in 100 
of water. The E.M.F. from thermo-chemical data is 1’543. 
The observed E.M.F,, which was very variable, ranged from 1*7 
to 1*473. The average 1*525 is a little lower than the calculated, 
but the difference is small, and there seems to be no reason to 
assume that the actual E.M.F. departs from the theoretical value. 
A Zn-Au cell was similarly set up with solutions of ZnClg, and 
AuClg of the same concentration as before. The theoretical 
E.M.F. is 2*044; the observed E.M.F. ranged from 1*834 to 
1 *855. The constancy of this cell was in marked contrast to the 
variability of the Zn-Pt cell. Assuming the thermal values to 
be correct, the actual E.M.F. is thus 0*2 volt below the calculated, 
or, according to the convention of Wright and Thompson, 0*2 
volt is the thermo-voltaic constant for gold in a dilute neutral 
solution of its chloride. (Phil, Mag, [5], xxxiii. 516.) 

J. Brown, in a paper read before the Royal Society, refers to 
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the discrepancies which exist between the observed KM.F.s of 
cells and their theoretical values calculated from thermo-chemical 
data. As these discrepancies are probably caused by the action of 
the solvent, Brown has submitted to examination a series of cells 
with fused electrolytes formed by all possible combinations of the 
metals Ag, Cu, Sn, Pb, Cd, Zn, in their chlorides, and of Ag, 
Cn, Sn, Pb, Fe, Cd, Zn, Al, and Mg, in their double alkaline 
chlorides. The cells were made by fusing one of the electrolytes 
in a V tube, into one limb of which a short straight tube 
plugged below with asbestos and containing the otiier electrolyte, 
was inserted. The appropriate metals were placed in their 
chlorides in the tubes, and the E.M.P. was compared by an 
electrometer with a standard Daniell’s cell. To avoid complica- 
tion in the calculation of the theoretical E.M.R, the chlorides 
employed were either both single or both double. The observed 
E.M.F.S were found to agree fairly well with the calculated, espe- 
cially in the case of Zn, Pb, Sn, Al, and Mg. The agreement was 
rendered very much closer when certain corrections were made. 
The physical cause underlying these corrections is believed to be 
connected with the higher temperature of the experiments as 
compared with those at which the heats of combination were 
obtained. This view was confirmed by experiments on cells 
containing only a single chloride fused in the V tube, with a 
piece of the metal contained in it inserted in each limb and 
connected to a galvanometer. On heating one limb more than the 
other a current was produced in all cases except Cd, the liotter 
metal being the — pole. Metal was transferred from the hot to 
the cold pole, showing the electrolytic nature of the phenomenon, 
and suggesting, in the light of Thomson’s law, an increase 
with temperature of the combining heats of the metals with Cl 
together with a possible Peltier elfect. Four of the cells were 
tested by passing currents through them in both directions alter- 
nately, and noting the E.M.F. after the passage of each cuiTent. 
Polarisation was obseiwed to a small extent in one case Zn-Ag ; 
in the others it was practically absent. (Proc, Itoy. lii. 75.) 

W. Negbaur also, with the view to avoid the secondary efiects, 
caused by the solvent, has made an extensive examination of 
cells formed with solid electrolytes, such as the haloid salts of 
Pb, Ag, and Hg. The electrodes were of Pt, Hg, Cu, Ag, Pb, or 
Zn, and were made in the form of wires wound into a flat spiral 
and squeezed in a small press against the ends of compressed 
blocks of the electrolytes. The E.M.F. of the cells was found 
to change only slightly with the temperature. Changes of 
molecular structure, such as from amorphous to crystalline, did 
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not appear to have any decided influence on the E.M.F. Ob- 
servations of a cell with varying proportions of water showed 
that in the transition from solid dry salt to a concentrated solu- 
tion, the E.M.F. changed gradually without showing any 
characteristic points. 

Negbaur enters into an elaborate discussion of the relation of 
his results to Lord Kelvin’s law, by which the E.M.F. is calcu- 
lated on the basis of the conservation of energy from the thermo- 
chemical actions in the cell. This law is undoubtedly true, in so 
far as the E.M.F. is to be regarded as a function of the chemical 
actions of the cell. But in most cells only a fraction of the 
chemical energy is converted into electrical energy, the rest 
remains as heat of secondary processes. Only those combina- 
tions are suitable for the verification of the law in which the 
latter portion of energy is zero. Helmholtz has concluded that 
in the case of those reversible cells in which the local heat 
development is zero, and the useful effect is unity, the E.M.F. 
must be independent of the temperature. This conclusion has 
been verified, and in addition Negbaur finds that a few non- 
reversible cells must also be independent of the temperature, 
since they show unit useful effect. Thus the cell Pb j Pbl 2 j Zn 
has the observed E.M.F. 0-201 volt; while its calculated value 
is 0-202 volt, and it is non-polarisable. Of the constant cells 
only three, Ag | Ag R | Pb B | Pb, where R is either Cl, Br, or 
I, gave unit useful effect. In these the whole chemical energy 
changes into electrical, and they are (theoretically) independent 
of the temperature. ( IFied, Ann,, xlvii. 27.) 

M. Maclean, at the British Association meeting, described some 
experiments which generally confirm Lord Kelvin's law that a 
feeble continued current passing out of an electrolytic cell by a 
Zn electrode must generate exactly as much more heat at the Zn 
surface, than the same current would generate in passing out of 
the electrolytic cell by a Pt electrode, as a Zn-Pt pair working 
against great external resistance would develop in the resistance 
wire by the same amount of current. Experiments made with 
Zn-Zn and Zn-Pt electrodes in dilute sulphuric acid showed that 
the rise of temperature of the Zn-Zn cell was greater than that of 
the Zn-Pb cell, and the average rise was in agreement with the 
above law. It was also found that the rise of temperature was 
greater at the Zn anode than at the Zn cathode plate. When 
external currents were sent through cells Zn-Zn, Pt-Pt, Pt-Zn, 
Zn-Pt, the rise of temperature was in all cases higher in the cell 
in which the current flowed from Pt to Zn, than when it flowed 
from Zn to Pt. (Electrician^ xxix. 435.) 
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O. P, Grimaldi describes a curious property of a bismuth cell, 
formed by immersing electrodes of bismuth in dilute hydrochloric 
acid or a solution of chloride of bismuth. If one of the electrodes 
be subjected to a strong magnetic field, a current flows the direc- 
tion of which in the liquid is from the magnetised electrode. 
The E.M.F. varies with the electrodes and with the solution. 
In a field 81,500 times that of the earth’s horizontal component, 
it may reach *0023 of a Daiiiell. Ill Nuovo Cimento^ xxv. 
191.) 

J. Brown gives in the Philo802)hical Magazine an account of 
an inconipleted research on the difference of potential at the 
contact of mutually reacting liquids. The method was a modifi- 
cation of Exner and Tuma’s. A water - dropping funnel 
connected to one terminal of a quadrant electrometer had its 
nozzle alternately within one of two cylinders of filter-paper 
moistened with the two liquids. The cylinders were connected 
either by a strip of paper across which the liquids soaked till 
they met, or by an arrangement of funnels permitting a continuous 
renovation of the surface of contact of the two liquids. One of 
the cylinders was earthed, and the potentials of the two cylinders 
were compared with that of the water-dropping funnel by means 
of the electrometer. 

Experiments on strong solutions, one of which was raised 
from a lower to a higher oxide or chloride by the inter-action, 
showed that the effect could not be deduced from the oxidation 
of a metal by an electrolyte, for in most cases the effect was the 
opposite, the oxidised or chlorinated substance being -f . 

Experiments on the effect of contact of two solutions between 
which double decomposition occurred on mixing, did not give 
very concordant and reliable results. In so far, however, as the 
results may be considered as approximate, they give the following 
conclusions; — (1) There is no clear connection apparent between 
the observed E.M.F.s and the heat equivalents of the reactions ; 
but the amount of water present seems to have an effect, either 
by dilution of both solutions equally, or of one more than the 
other. (2) The sign of the electrification may depend, however, 
on the following considerations. When double decomposition 
occurs at the contact of solutions of two substances, one of which 
consists of an anion a and a cation c, and the other of an anion 
a' and a cation c', the products of the reactions being ac' and a'c, 
then the solution ac will be + if the combining heat a'c is greater 
than the combining heat ac' ; and mce versA. 

Experiments on series of pairs in which acids and strong 
aqueous solutions were in contact with water showed, in the case 
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of positive heats of solution or dilution, a rough agreement 
between their amounts and the observed E.M.F.S, but in the 
case of negative heats the results were indefinite. The results 
negative the hypothesis that “ water must show against every 
electrolyte the potential of the faster ion.’* {PhU, Mag, [5], 
xxxiii. 632.) 

G. Gore, in a research on A general relation of E.M.F. to 
equivalent volume, and molecular velocity of substances,” has 
shown, by means of an extensive series of sixty-four tables of 
measurements of mean volta E.M.F., that the dilution of a liquid 
of a voltaic cell by means of water or alcohol, the liquefaction of 
either the + or — metal of the cell by means of mercury, the 
dilution of either of these amalgams by means of mercury, or the 
dilution of one solid metal by means of another in an alloy, is 
universally attended by an increase of mean E.M.F. of the 
diluted and diluting substances beyond the calculated amount, 
and consequently also of the actual E.M.F. of the diluted one 
(that of the diluent being very little affected), provided that in all 
cases no chemical union or other chemical change occurs in the 
mixture. If, however, chemical union does occur, this gain of 
E.M.F. is diminished, or converted into a loss which is larger in 
proportion as the union is more intimate. The manifest explana- 
tion of this extensive general result is that by die act of solution 
or dilution, the molecules of the active or diluted substance are 
separated further apart and consequently acquire increased 
velocity of motion. The method enables chemical compounds 
in alloys, amalgams, and electrolytes to be distinguished from 
mere mechanical mixtures. {Proc, Birm, Phil, Soc.^ viii. 63; 
also Phil, Mag, [5], xxxiii. 28.) 

Th. Des Coudres examines the question whether an E.M.F. 
exists between differently curved mercury surfaces in a solution 
of a salt of mercury ; or, in other words, whether a constant gal- 
vanic cell can be set up from mercury in different states of 
compression in a solution of a salt of mercury. On the basis 
of the law of conservation of energy, and independently of any 
special theory of electrical processes, he shows that this question 
can be answered* affirmatively, and a numerical estimate of the 
E.M.F. can be formed. By calculations based on the equality 
of the electrical and mechanical work done in the transfer of 
mercury from a less curved to a more curved surface in a solution 
of a salt of mercury, it can be shown that at the ordinary 
temperature the E.M.F. for a difference of pressure of one 
atmosphere is about 15 *3 microvolts. Nernst’s theory of the 
electromotive activity of the ions leads to the same conclusion. 

I 
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In a series of experiments in a solution of nitrate of mercury 
with a cai)illary electrometer, the following results were 
obtained : — 

Pressure in cm. of Hg. ... ... ... 30 40 42 43 52 113 

Deflection, obs.. scale divs. 2 S 3*0 3 r» 4 0 5*0 7'8 

calcd. 2 7 3 0 3 2 3T) 4 0 8*7 

The scale divisions were such that 38 corresponded to an E.M.F. 
of 0*0001 volt. 

These results present general agreement witli the formula, but 
the observed values at higluT ]>ressures an* always lower than the 
calculated. Suggestions are offered as to tlie cause of this differ- 
ence. (JVied. Ahu.^ xlvi. 292.) 

G. Kummer discusses experimentally the so-called “ agitation 
currents'" {Ersch utter uugsstrome)^ which are forimul as follows. 
When two exactly similar metals dip into a li^piid wliich 

ehemiciilly acts on them, or through contact with them suffiirs 

chemical decomposition, there forms on both jdates of metal a tine 
coating of newly formed chemical products. If this is entirely or 
partially removed by agitation of one of the electrodes, the two 
electrodes become electrically dissimilar, and a cuiT(*nt Hows tin* 
direction of which depends on the* nature of tlio newly formed 
layer. By formation of an oxide the cnrr(*nt Hows from the 
agitated to the stationary electrode; wliilst the direction is the 
revei*se in the j)re.sence of a layer of l)ydrogen. Kummor's 
experiments Avere made on plates of Cu, Ni, Cd. Zn, and Ag, «‘ach 
pair l>eiiig first carefully tested as to tln*ir (*lectrical similarity. 
One of the plates w'as attached to a metal nxl, and by means of an 
electromagnetic interruptor could be maintaiin*d in a state of 
rapid \ibration. The E.3I.F. was measured at intervals until the 
maxiiinim value Avas reached, AAdiich in some cases roipii red several 
hours. The metals collectively .shoAv by the change in their 
electromotive behaviour a change of tlieir surfaces, produced hy 
immersion in the liquid, Avhicli is not alw'ays pcrc(‘ptil)h» to the 
eye. The eflect of the agitation acts in two Avays : (1) by pro- 
moting increased .solution of the surface layer at the agitated 
electrode — the stationary electrode is th(‘n the - pole ; (2) Avheu 
the solution goes on so sIoAvly that only the neighbouring layers 
of fluid are changed, Avhile the surfaces of tin; electrodes remain 
electrically similar, a conc«*nt ration current arises and tlu! 
stationary ch'ctrode is the -f- j>ole. Botli of these actions may be 
superposed. (H'/W. J ////., xlvi. 119.) 

The f^econdary reU. 

A considerable amount of attention has been [Kiid of late to 
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the chemistry of the secondary cell. The following gives a sum- 
mary of some recent work on this subject. 

Q, H. Robertson, in a communication to tlie Eoyal Society, arrives 
at the conclusions that : — 

(1) Neither chemical nor electrical tests give any grounds for 
supposing that any other 8ul))hate than the ordinary white 
sulphate PbSO^ is concerned in the interactions occurring in 
the cell. 

(2) Were the sudden lowering of the E.M.F. caused by a 
change in the nature of the chemiciil compounds formed on the 
plates, it is difficult to account for the rapid recovery of the 
E.M.F. exliibited by an apparently charged cell. 

(3) Peroxides are formed in appreciable quantities in tlie 
electrolyte during charge and dLscharge, and their influence mii.st 
not be neglected in considering the behaviour of the cell. 

(4) It is to the electrolyte, ratlier than to the plates, that 
attention must l>e directed if any considerable improvement i^ to 
be effected. 

H. E. Armstrong and G. H. Robertson further conclude that — 

(o) The cooling is probably due to the dissociation of the 
dilute sulphuric acid. As the values found arc in practical 
agreement with those calculated on the a.ssumption that the acid 
used is sulphuric acid itself, ILSO^ in all probability .such acid, 
and not the dilute acid contained in the cell, is operative 
throughout. 

(G) The observed loss in efficiency cannot be due to temperature 
changes, as these arise through actions occurring out of circuit. 

(7) It is difficult from a comparLson of calculated with 
ob.servcd values of the E.M.F. to arrive at any Anal conclusion as 
to the exact nature of the changes which take place in the cell. 
(/Voc. Jfoi/, Soc.y i. 105, 10^^.) 

In a pjiper read before the Society of Arts G. H Robertson 
shows tliat the electrolysis of dilute sulphuric acid, as .shown by 
Berthelot, gives rise to the formation of persulphuric acid, %\hicli 
in its turn gives rise to hydrogen dioxide in larger and larger 
proportions as the cell nunaius at rest. To the pn sence of the> t‘ 
bodies Robertson ascribes the variations of E.M.F. which occur 
in secondary cells. Electroly.sed acid can be shown to be ca[)able 
of decomposing h*ad }»eroxide. This appt‘ars to explain tie- 
dtdebTious effect of rc.st on the cell, for altliough persidphuiK 
acid itself d(H\s not riMluce ptu'oxide of hx'ub it forms hxdroiT' ii 
dioxide on standing, which is capable of oxidising the lead plat** 
to litharge, or n*ducing the jhuxkvuU* plate the same >ub>tance. 

Introducing hydivgtm dioxide into the body of the [>eroxide 



116 


THB TSiLB-BOOK OF SOIBKOE. 


paste of a cell, to represent the condition of a cell which is started 
disdiarging directly the charging is completed, produced a small 
increase of ELM.F. Its addition to the acid of the cell produced 
a great diminution, or even a reversal,, of E.M.F. Thus the 
variations of E.M.F. appear to depend at which plate the 
hydrogen dioxide is formed at. When present diffused through 
the acid, and present at the lead plate, it causes a lowering of the 
E.M.F,, and the rise in E.M.F. sometimes noticed on starting the 
discharge of a cell which has been at rest is probably due to the 
electrolysis and decomposition of hydrogen dioxide ; for in a cell 
which has long been idle, practically the whole of the active 
oxygen is due to this body. (Joiirn, Soc. Arts^ xl. 44 ; Electrician^ 
xxviii. 176.) 

J. H. Gladstone and W. Hibbert. on the other hand, have come 
to the conclusion that variations in the strength of the sulphuric 
acid are the main cause of the variations in E.M.F. After 
discussing the variations which occur in the strength of the acid 
at the lead and lead |>eroxide plates during the various stages 
of charging, dischaiging, and repose, the authors describe 
numerous experiments, in which plates of pure lead and pure 
peroxide of lead were immersed in various strengths of acid, 
which show that the E.M.F. developed is a determinate function 
of the strength of acid at both plates. The variations thus pro- 
duced more than cover the range observed in cells in working. 

The curves of changes of KM.F. of secondary cells are shown 
to be consistently explained by the supposition that the changes 
are due to the variations of strength of the acid. To confirm 
their view's, Gladstone and Tribe descril)e experiments showing 
that if two lead plates are placed in acid of different strengths, 
separated by a porous partition, the lead in the w'eaker acid 
behaves to the other like a PbOg plate. Also with tw'o peroxide 
plates, the one in the weaker acid behaved to the other like a 
lead plate. Thus the effect of increasing the strength of acid 
round a FbO^ plate is the opposite of that of increasing it round 
a Pb plate. Increasing it round both plates should therefore 
give potential differences which are the arithmetical sums of the 
separate effects, and these are found to agree closely with the 
potential differences experimentally found when Pb and PbO.^ 
plates are placed together in varying strengths of acid. Further 
confirmations are drawn from the changes which occur in the resist- 
ance of a secondary cell during Uie various stages of charging and 
dischai*ging, and from thermo-chemistry. With respect to the great 
wmgbt which Professor Armstrong and Mr. Bobertaon attribute to 
the presence of peroxides in the electrolyte, Gladstone and Hibbert 
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have made experiments on the effect of adding hydrogen dioxide 
to the electrolyte surrounding both Pb and PbO^ plates, and have 
been able to detect only such alterations as could fairly be 
attributed to the dilution of the acid. They have also charged a 
pair of plates in a divided cell filled with 20 per cent, acid, and 
have found that the peroxides existed only round the PbOg plate. 
On then reversing the plates in their compartments the fall of 
E.M.F. was but slight, from 2*185 to, at first, 2*163, and after 
45 minutes to 2*031, and is only such as would occur normally in 
acid of 20 per cent, strength. Also adding persulphate of 
potassium to the acid^bout a PbO^ plate had no visible effect on 
the E.M.P. 

Gladstone and Hibbert conclude, therefore, that the E.M.F. 
depends on the acid strength of the electrolyte, and not on the 
existence or position of peroxidised bodies in it. {Jourtu Inst, 
Elect Eng,^ xxi. 412, and Electrician^ xxix. 67.) 

In the discussion on the above paper O. H. Robertson, speaking 
for himself and for Professor Armstrong, referred to the cooling 
of the acid during discharge, of which Gladstone and Hibbert’s 
theory gave no explanation. It appeared difficult to attribute 
this to any other cause than dissociation consequent on the 
withdrawal from the solution, either of molecules of H^SO^ itself 
or of molecules which were only slightly hydrated ; in other 
words, they considered that the formation of lead sulphate took 
place, not at the expense of the acid of the concentration in contact 
with the material undergoing change, but at the expense of free 
molecules of HoSO^ present in the acid liquid, the withdrawal of 
which occasioned the ap]>earance of a fresh supply with con- 
comitant cooling. In their pa|)er in the Proceedings of the 
Royal Society, Armstrong and Robertson advanced reasons for 
concluding that a counter-RM.F. probably exists, due to the 
peroxides which are always present Further consideration led 
them more and more to favour the view that a considerable 
counter-KM.F. was ojierative throughout discharge, which was 
conditioned by the |>eroxide in solution at the lead peroxide 
plate. {Electrician^ xxix. 119.) 

O. Darrieus, in an Essay on the Chemical Theory of Lead 
Accumulators of Electricity,'* controverts the view that sulphating 
ocours at both plates, which he holds is contrary to Faraday's 
law. Experiment shows that after discharge there is always a 
relation between the total quantity of peroxide reduced and the 
ampere-hours, but none between the sulphate of lead formed on 
this plate and the latter. On the —plate the lead sulphate 
formed shows dose agreement with the amount required by 
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theory. Darrieus considers that the primary action of discharge 
is the formation of some oxide. He ascribes the high initifd 
E.M.F. to the joint action of the small quantity of occluded 
hydrogen in the lead plate, and the persulphuric acid which 
is formed at the PbOo plate ; while the energy furnished during 
the steady part of the discharge is attributed to the reduction 
of the peroxide and oxidation of the lead plate. In both cases 
sulphating follows from local action. 

The action of the persulphuric acid formed dunng charge is 
to bring the wlmle of the active material to the peroxide state, 
and Darrieus points out that unless the conditions are such that 
the existence of this body is possible, peroxide of lead is not 
formed by electrolysis. 

The theory of double sulphating appears to have been adopted 
because it brings Lord Kelvin’s law into harmony with the 
results of experiment. At the commencement of discharge the 
law is in ]>ractical harmony with observed values, whether HgO 
or be reganled as the electrolyte, if the presence of per- 

sulphuric acid be allowed for. But during the steady portion of 
discharge the discrepancy is great. Darrieus attributes the want 
of agreement to the )>hysical state of the lead plates, and points 
out that both Schutzenberger and Gore have shown that certain 
metals, amongst which is lead, are not obtained in their normal 
state by electrolysis, and that they give out lieat in passing into 
it. {Bull, Soc, hiieruat, des ElecL^ ix. 88, 205 ; Electrician^ 
xxix. 359.) 

Gladstone and Hibbert attribute the finding by Darrieus of oxide 
of lead on the -f- plate to the difficulties of analysis, as it is hard to 
imagine that oxide of lead could remain as such when surrounded 
by sulphuric acid. They rejdy to Armstrong and Robci*tson’8 
criticisms of their views, and describe fresh experiments to show 
that the increase of E.M.F. does not depend on the presence or 
absence of persulphuric acid. In the first exiKjriment a Pb and a 
PbO^ plate were placed in a 1 2 per cent, solution of pure and 

separated by a porous diaphragm. The E.M.F. was 1*945 volt. 
One per cent, of ]>c?rsulphatc of potassium was tlien placed in the 
acid surrounding the PbO, plate. The E.M.F. remained at 1*945 
volt. The Pb plate was then placed in the same compartment as 
the PbO^ plate, so that l>oth were exposed to the action of the 
persulphuric acid. The E.M.F. fell only to 1*934 volt. In the 
second experiment a cell was made with phosphoric acid in place 
of sulphuric, and results were obtained with it analogous to those 
obtained with sulphuric acid. (Electrician^ xxix. 173.) 

F. Strdnti, in Part IV. of a series of contributions to the 
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theory of secondary cells ’’ in WiedemanirCs Annahn^ demonstrates 
the formation of superoxyhydrate of lead, HgPbOj, in the cell. 
This is only to be regarded as a secondary product. Its formation 
results in a decrease of potential difference in charging, its de- 
struction by a decrease on discharge. 

With respect to the dependence of the E.M.F. on the strength 
of the acid, the examination of twelve experimental cells of the 
Tudor type showed that the E.M.F. increased proportionately 
with the strength of acid, the curve of variation being nearly 
straight. Excluding those cells in which the concentration 
exceeded 500 gm. in 1000 cc. of liquid the following formula 
holds ; — Ey = 1*850 -f 0*917 (S — S^), where E^ is the E.M.F. for 
a specific gravity S, and is the specific gravity of water at the 
temperature of observation. 

The temperature coefficient of the cell is + , and is greatest with 
a density of 1 *16, or acid strength of about 20 per cent, by weight. 
Between the limits of E.M.F. 1*983 and 2*010, and of density of 
acid 1*144 and 1*173, the temperature coefficient is given by the 
parabolic equation cE 2T = 357 x 10~®- 0*64 (E-l*998)2. 
Outside thfse limits the coefficient is considerably smaller than 
this formula would indicate. ( Wied, Ann,^ xlvi. 449.) 

M. Kugel attributes the self-discharge of the negative plates 
of a secondary cell to the metallic impurities in the acid. At the 
commencement of the charge the electro-negative elements in the 
acid are precipitated upon the negative plates. They there set 
up local action, hydrogen appearing at the electro-negative metal, 
and oxygen at the adjacent lead sponge. The latter oxidises the 
lead, and deteriorates the working of the cell. Good plates 
which have a normal capacity in pure acid, when once the 
deleterious metals have been precipitated on them in impure acid, 
are not improved by Ix'ing again placed in chemically pure acid. 
{Elect riciaHy xxix. 148.) 

Electrical resistance of metals* 

J. Dewar and J. A. Fleming have availed themselves of the 
pos.session of means at the Royal Institution for producing con- 
siderable quantities of liquid oxygen and ethylene, to carry out 
some investigations on the conipamtive electrici\l resistance of a 
number of pure metals, alloys, and non-metals at the low tempera- 
tures obtainable by the evaporation of liquid oxygen at ordinary 
barometric pressures (-182^ C.), and the ebullition of liquid 
oxygen under reduced pi*essures of about 25 or 30 mm (—197^ 
C.). Since liquid oxygen is a very perfect insulating fluid, the 
wire or the of the metal may be simply immersed in it, and 
be thus at the same temperature as the liquid. The resistances 
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were also measured at 100% 20/ 0% — 80* (etiier and solid CO^ 
and - 100* C. (liquid ethylene boiling under atmosphmo pressure). 
Data are thus obtained for plotting a series of curves, taking 
absolute temperatures as absoissse and specific resistance as 
ordinates, llie curves of resistance tend downwards in such a 
way as to show that if prolonged beyond 200* C. they would prob- 
ably pass through or near the origin or absolute zero. The cim'es 
can be divided into three classes : — ( 1 ) those of metals such as iron, 
nickel, tin, and perhaps copper, which are concave upwards ; (2) 
those of metals such as gold, platinum, palladium, and probably 
silver, which are concave downwards towards the axis of tempera- 
ture ; and (3) those of metals such as aluminium, which are 
apparently nearly straight lines. In the first class. the rate of 
change of resistance with temperature uicrecues as the temperature 
rises ; in tlie second class it ^creases. This has previously been 
observed by Prot C. G. Knott between 0® and 300" 0, Dewar 
and Fleming’s results show that the distinction between the 
metals of the two series extends over a very large range of 
temperature. Clausius made the suggestion in 1858 that the 
electrical resistance of a pui*e metal is proportional to its 
absolute temperature. Owing to the mark^ curvature of the 
resistance-temperature lines this statement is only very approxi- 
mately true for a few metals, and not at all for others, but it yet 
remains not improbable that the electrical resistance of all pure 
metals would at the absolute zero be either null or exceedingly 
small. 

Impurities in the metals considerably modify the decrease of 
resistance. The i-esistance of pure iron at — 197*C. is about 

of that at 100*C., and of pure copper about -j^. Absolutely 
pure nickel prepai*ed by Ludwig Mend’s process has a resistance ^ 
of about 12,000 at 0*C., and 1,900 at — 182*C. ; but a nickel 
wire supposed to be pure gave as corresponding values 13,387 
and 6,737. 

The resistance lines of alloys, when the constituent metals are 
chemically very different (platinum-silver, platinoid. German- 
silver), are very nearly straight, with but little slope, not one- 
tenth that of the pure metals. When, however, the constituents 
of the alloy are chemically similar (platinum-iridium, platinum- 
rhodium) the resistance-lines slope down at a much steeper angle, 
but never, as in the case of the pure metals, in such a manner as 
to indicate that if prolonged they would pass through the absolute 
zero. The lines for impure metals are in position more or less 
like the lines for alloys formed of similar metals. 

The behaviour of carbon is peculiar. The specific resistance 
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of carbon filaments of incandescent lamps vncreates continnonslj 
with reduction of temperature. Dewar and Fleming have not 
jet completed the examination at similar low temperatures of the 
resistance of non-metals such as sulphur and selenium ; and the 
.quasi-metals arsenic and antimony. Also the behaviour of 
insulators^ such as glass, mica, guttapercha, india-rubber, re- 
main to be examined. As the electrical resistance of these 
bodies decreases with rise of tem|ierature, it may prove to 
be the case that pure non-metals approach a maximum 
specific electrical resistance, and pure metals a minimum spe- 
cific electrical resistance, in proportion as the absolute zero is 
approached. 

Finally, Dewar and Fleming give the values of the mean 
coe65cient of resistance-change a between 0® and — lOO^’C. for 
the following metals; — Ag, *00384; Al, *00390; Cu, *00410; 
Fe, *00531 ; Pt, *00354; Sn, *00509; Ni, *00500. If R, is the 
resistance of the metal at t°C., and its resistance at o®C., then 
we may write : R^ = Ro (1 + at). 

From these values of the coefficients it is seen that iron and 
nickel have pre-eminence in lespect of rate of fall of resistance 
with temperature. It is a striking illustration of the efiect of 
great cold on electrical conductivity, to realise that at the 
temperature of boiling liquid oxygen pure ii*on conducts electricity 
better than the purest copper does at ordinary temperatures. 
{PhU, Mag. [5], xxxiv. 326 ) 

C. £. Qaiilaume, commenting on Dewar and Fleming’s experi- 
ments, points out that owing to the uncertainty of the measure- 
ment of very low temperatures, the first results of the experiments 
will be to furnish a thermometric scale, and not the function 
which connects resistance with temperature, for this latter 
variable is unknown. As long as it is not proved by the* theoiy 
of gases that the hydrogen thermometer is worthy of confidence 
below — 200'’C., the best memis of measuring these temperatures 
will be the variation of the electrical resistance of some con- 
cordant metals, their variation being determined at known 
temperatures comprised between + 300’*0, and — 150®C., a little 
more if possible, and extrapolated below. Guillaume points out 
that the temperature which Dewar and Fleming indicate as 

— 197®C. is probably really somewhat lower, approximating 

— 200'’C. {Blectridan^ xxix. 699.) 

In the Comptea Eend^M (cxv. 414) C. S. QuiUamne describes the 
results of renewed investigations on the thermic variation of the 
electrical resistance of mercury. From these results the apparent 
resistance of mercury in glass expressed as a function of the 
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nonual scale of temperatures is as given in the following 
table : — 

Temperature T. 0® 10® 20® 30® 40® 60® 60® 

p . . f (<?) 1-00000 1-00890 1-01801 1-02731 1*03682 1*04663 1*05644 

«.esisuince i l ooOOO 1*00891 1*01808 1*02734 1-03685 1*04656 1*05646 

(a) and (b) were obtained by two different methods of measuring 
the i-esistances. The real variation of the specific resistance of 
mercury expr »ssed as a function of the normal scale is — 

(a) Pt = Po(l + 0 00088745 .T + 0 0000010181 T^). 

(ft) Pt = Po (1 + 0*00088879 T + 0*0000010022 T^^). 

A. Oberbeck discusses in Wiedematm^s Annalen the peculiar 
behaviour of silver films to an electrical cun-ent. Silver 
dej>osited chemically on glass has at first an extremely high 
resistance, which gradually diminishes, but does not reach a 
constant value even after some years. In seeking an explanation 
of this peculiarity Ol)erbeck has examined the allotropic modifica- 
tions of silver described by Carey Lea. Like Barus and 
Schneider, he finds that the so-called dissolved or finely suspended 
silver in water (Lea’s ‘‘colloidal’^ silver) does not conduct 
electrically, unless dried. The gold and blue modifications of 
silver are excessively .sensitive to moisture, which increases their 
resistance, whereas drying deer(*a.ses it. Both posse.^s at fir.st a 
high resistance, which decreases with time. This [wculiarity of 
silver films may be due to incomplete coherence of fine particles, 
or to the existence of allotropic niodification.s of silver. For the 
latter hypothesis there is a preponderating number of arguments, 
or at least for the propo.sition that the conductivity is chiefly 
conditioned by molecular modifications of silver. All actions 
which cause allotropic silver to approximate to ordinary silver 
improve the conductivity. f>berbeck discus.ses at length the con- 
ductivity of a large series of modifications of silver, and the 
influence of heat, light, chemical actions, moisture, and mechanical 
deformations in nuxlifying the conductivity. ( irtVr/. J nu., xlvi. 
264, and xlviL 353.) 

Thermo^leetromotive force. 

H. Bagard, in a short communication to the Comptes ItenduB 
(cxiv. 980), shows that the thermo-electric phenomena at the con- 
tact of two electrolytes exhibits the same features as the majority 
of bimetallic couples. Thus with a couple formed by a solution 
of 115 grammes of zinc sulphate in 100 grammes of w-ater, and 
a solution of sulphuric acid of part by weight, cold 
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sulphate of zinc is the + pole externally^ and the curve con* 
necting thermo*electromotive force and temperature is of parabolic 
form, concave upwards. When the second liquid was a solution 
of 30 grammes of copper sulphate in 100 grammes of water, the 
wann sulphate of zinc is the positive pole externally. The curve 
descends at first, then ascends again, thus presenting, as before, 
its concavity upwards. The absolute value of the thermo-electro- 
motive force increases at first, then passes a maximum value 
at about 40°, and decreases to zero at about 70°, to increase again 
with reversed sign. 


MAGNETISM. 

By P. L. gray, B.Sc., A.R.C.Sc. 

Theory, &c. 

J. Ewing discusses the magnetic screening effect of iron under 
the infiuence of «altfTnating currents. (See also “ Year-Book ” for 
1891, p. 90.) Electrical engineers are already familiar with the 
direct efleet of <‘ddy-currents in causing a dissipation of energy, and 
the consequent necessity of laminating iron when it is exposed to 
the influence of rapidly-alternating magnetic forces. But there is 
also this magnetic screening effect exerted u{X)n the interior of 
any iron plate or wire in the magnetic circuit, in consequence 
of which it is necessary to apply a .stronger external magnetic field 
in order to force the mean induction up to an assigned value 
— strongej-, that is, than if there were no scieening, which occa- 
sions two indirect lo.s.ses — first, the loss due to the augmentation 
of hyst(*resis, and, second, the lo.ss due to the necessary increase in 
strength of the magnetising current. 

If the jdates of the core are thick, virtually only a small part 
of the tliickness is used ; the rapid changes of jx)larity only take 
place in a mere skin of the metal, and the magnetism has no time 
to penetmte far between consecutive reversals. The influence of 
this screening is surprisingly great — e.^., when plates of soft iron 
are exposed (as the plates in a transformer-coil are) to alternating 
magnetic forces of modei*ate strength, and, say, 100 per second in 
rapidity, the metal in the middle of the thickness only experiences 
^th of the force applied to the skin. If the iron be 1 mm. 
thick, this fraction becomes increased to 52 per cent, with the 
same rapidity. 

The loss ceases to be serious, so far as magnetic screening is 
concerned, when the thickness is made i mm., while, to prevent 
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serious loss due to eddy-currents, the thickness should be \ mm. 
But in that case the uon-magnetic space becomes too greatly 
increased; so that, as a compromise, the thickness of *35 mm. 
wsed by good makers of transformers is justified by theory. 
(Electrician, xxviii. 631.) 

J. Ewing, in a paper on ‘‘Joints in Magnetic Circuits,” dis- 
cusses the efiect of a plane of transverse section in an iron bar 
which forms part of a magnetic circuit. Such a “joint” intro- 
duces “ magnetic resistance,” even if the faces of the section are 
as nearly as possible true planes, and in good mechanical contact. 
When veiy considerable forces are applied in bringing the surfaces 
together, the magnetic resistance vanishes — as, indeed, we should 
d priori expect. 

Some figures obtained in 1888 (Phil. Mag, [5], xxvi. 274) made 
it ap{)ear that the width of the equivalent air-gap in magnetic 
resistance decreased as the magnetisation was forced up to high 
values. This, however, is incorrect ; the width remains nearly, if 
not quite, constant, whether the magnetisation is weak or strong. 
(PhxL Mag, [5], xxxiv. 320.) 

J. Trowhrid^ has made experiments to test the possible “ Wave- 
Propagation of Mfi^ptism.” Wlien one end of a steel or iron 
bar is magnetised, how is the magnetism propagated so that in a 
very short time the whole bar is magnetised ? Various attempts 
have been made to solve this problem, generally by subjecting iron 
to alternating currents of certain frequency, and searching for 
nodes along the length of the bar (or ring), with small secondary 
coils of wire, and a ballistic galvanometer or telephone. 

Mr. Trowbridge uses a new instrument, which he calls a 
plMsemeter, consisting of two telephones, with a miiTor affixed to 
the diaphragm of each, the arrangement being such that a spot 
of light reflected from both mirrors (as in Lissajou’s well-known 
tuning-fork experiments) reproduces the figure pi*oduced by a 
combination of two motions at right-angles. The iron ring used 
was 3 feet in diameter, and |-inch diameter of cross-section. 
Two large coils of thick wire were slipped on the ring, to convey 
the alternating current. Two small coils of fine wire were also 
placed on the ring, each connected with one of the telephones. 
If the two large coils were so placed that their equivalent 
magnets would have )K)Ie8 of the same name opposite, a small 
coil placed half-way between them indicated no lines of force 
passing through it; therefore, the telephone connected with it 
would receive no motion, and on the screen the spot of light 
would describe merely the straight line due to the motion of the 
dia^rsgm of the o^er telephone, under the influence of the 
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second small coil. With poles of the opposite name opposed^ no 
change of phase was observed, the lines of force going in the same 
direction in this case anywhere between the laige coils, so that 
the position of the first small coil between them was immateriaL 
The writer comes to the conclusion that nothing corresponding to 
a true wave-propagation of magnetism through the iron could be 
detected, although the molecules quivered under the influence 
of the periodic alternations of magnetism to which one part of 
the metal was subjected — the process being somewhat similar 
to the propagation of heat along a bar. IPhil. Mag. [5], xxxiii. 
374.) 

C. Fromme continues his account of his Magnetic Investiga- 
tions.” In previous papers he had shown that identically similar 
pieces of iron and steel may, by different methods of magnetisa- 
tion, be brought to have the same magnetic moment and distribu- 
tion of poles, and yet have very distinct molecular arrangements, 
and also that the rapidity with which the magnetising force is 
reduced has a marked effect on the permanent magnetism of the 
specimen. In the present paper he describes ex|)eriments on iron 
bars and bundles of wires, and distinguishes between the results 
obtained («) by a sudden break of the magnetising current, (ft) by 
a slow decrease of the same, (r) by jars and shocks, as affecting 
the temporaiy and the permanent magnetism. 

In the case of bundles of wires {b) and (c) gave simil^ir 
results, but with iron bars the results differed. Different rates 
of diminution of the magnetising current had also different effects 
on both the temporary and the permanent magnetism. 

The writer explains his results by assuming differences of 
grouping of the molecular magnets, any number of ways being 
conceivable, without the exterior effect being altered. Breaking 
the circuit breaks up the grouping in a tot^ly different manner 
from that in which a gradual diminution of current acts; 
knocking and sudden jars produce similar effects to breaking 
circuit. It seems not unlikely that the sudden motion of the 
molecular magnets, caused by a sudden cessation of the mag- 
• netising force, may give them a certain velocity which carries 
them, as it were, past a ceirtain normal position, when their 
mutual actions cause a different grouping from that which might 
result from their being allowed gradualfg to assume the normal 
position by a slowly-reiluced current. The stability of mole- 
cular gix)ups is less ill bars than in bundles of wim ( Witd. Ann., 
xlv. 798.) 

The naafiietic properties of dihlereBt suhstanee^ 

A. JU>t describes some experiments on the magnetic properties 
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of magnetite. He used two bars of loadstone, about 4" x 1" X f", 
one (A) fine-grained and rather porous, the other (B) with yel- 
low!^ veins and particles of malachite scattered throughout its 
mass. (A) contained 17*5 and (B) 61-4 per cent, of iron. The 
pieces were compared with steel of different kinds, no absolute 
measurements being made. The permanent magnetism of (B) 
was always greater (three or four times) than that of steel, for 
all values of the magnetising force ; the ratio diminished as the 
force increased. The permanent magnetism of (A) was also 
greater than that of steel, but the temporary magnetism was 
always less (*1 to *3). Demagnetising was also tried, and it was 
found that the magnetite showed much less hysteresis than steel. 
(Ifierf. Anii.y xlv. 80.) 

In the Electrician (xxix. 475) there is a note on the magnetic 
properties of aluminium-iron, which, it says, differ little from 
those of ordinary cast-iron. 

A. Banti has made some experiments on the ^^Magnetisation 
of Nickel, Especially when Subjected to Mechanical Stress.” It 
was already known that a magnetic body, under a certain amount 
of torsion, and at a certain critical mechanical tension and 
strength of magnetic field, has its polarity reversed as the torsion 
is lessened. 

The author experimented with nickel wires 30 cm. long and 
1*2 mm. in diameter, and obtained the following results : — 

In a nickel wire in a magnetic field of certain strength and 
stretched with a sufficient weight, and then twisted and untwisted, 
the sign of the magnetisation alternates with every cycle of 
torsion. No certain relation between the stretching weight 
required to produce reversal and the strength of the field could 
be proved. Indeed, the same wire when new required a greater 
load than when old for the same strength of field. At the 
critical angle of torsion the wire had apparently no magnetisa- 
tion. The initial condition of the wire, with regard to elastic 
stretch, etc., had a great influence on the later result, {Beibldtterj 
xvL 556, and reference there.) 

8. Henrichsen describes some experiments on the magnetic 
properties of some organic compounds— propyl-alcohol, amyl- 
chloride, etc. He compared the susceptibility of the different 
substances with that of a solution of chloride of iron, and con- 
cludes, from the results of a long series of experiments, that the 
susceptibility is constant for different values of the magnetising 
force, and also gives its absolute values. ( IViecL Ann.^ xlv. 
38.) 

J. Biwar has been continuing his interesting researches on the 
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properties of liquid oxygen, ozone, air, etc., which he began last 
year. He liquefies air at the ordinary atmospheric pressure by 
utilising the intense cold of liquid oxygen. Both the nitrogen 
and oxygen of the air liquefy together, although after a little 
while the nitrogen begins to boil off first. Liquid air, like 
liquid oxygen, adheres to the poles of a magnet. It is interesting 
to note that Becquerel announced in 1849 that if the magnetic 
susceptibility of iron be taken = 1,000,000, then that of oxygen 
would be = 377, and of liquid oxygen = 1,000. {Electrician^ 
xxix. 169.) 

C. Dechame has been making some “Experiments on Various 
Methods of Magnetising Steel,’^ with a view of deciding whether 
a bar of hard steel can be more strongly magnetised by placing 
it within a helix of wire traversed by a current in the ordinary 
way, or by inserting a soft-iron core in the latter and using it 
as an electromagnet with which to rub the steel bar. The 
author shows that with bars of ordinary steel, inserting it in the 
coil, and so making a direct use of the current, gives the slightly 
better effect — 6 to 8 per cent. But for producing transverse 
magnetisation the reverse is the case, with a much greater dif- 
ference. The most powerful method of magnetising is that of 
Elias, in which the steel bar is used to complete the circuit of 
an electro-magnet, and a coil moved to and fro along it. {La 
Lum, Elec.y xliii. 155.) 

C. Dechanne has also been investigating the “ Effect of Local 
Heating on Permanent Magnets.^’ The effect of high temperature 
on the whole of a permanent magnet was known before. Gaugain, 
c.^., raised a magnet to a blue- tempering temi^erature, and found 
that the magnetism tirst increased and then diminished, and that 
repeatedly raising the magnet to 150'’ C. and cooling it again 
altered the distribution of its magnetism. Also, according to 
Wiedemann and Trowbridge, the magnetism of the bar is lessened 
by lowering its temperature below the point at which it was 
magnetised. 

In making local differences of temperature, the author found 
that raising either end, or the middle of the bar, to a “ blue ” 
temperature, had no effect on its magnetism. The method used 
was to place the permanent magnet in a fixed position with respect 
to a delicately-pivoted com})ass-needle, and observe the rate of 
oscillation of the latter, which made 25 vibrations {>er minute in 
the ordinary field of the earth alone. When the magnet (a rotl 
22’5 cm, long, 1 mm. in diameter) had its N. polo diluted 
towards the netnlle, the latter made 34 oscillations per minute. 
After the N. pole of tlio I'od had been heated to redness, and 
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allowed to cool slowly, the number beoame 26, showing that the 
magnet bad become much weaker. 

The diagram obtained with iron filings showed apparently 
that the N. pole had not diminished much in intensity, but that 
it had become pushed back, as it were, so that practically it was 
at a greater distance from the needle. The neutral point was 
also nearer the S. pole than before. 

Another bar, raised to a dull red heat at the middle, showed 
some weakening of the poles, and a slight shift of the neutral point. 

Heating one pole and then the other destroys nearly all the 
magnetism. If heated in the middle, the magnetism seems to 
shift to the poles, and not to be destroyed until the poles are 
bright red. When both poles are heated simultaneously, the 
magnetism rapidly diminishes, and finally vanishes. 

Pieces of steel magnetised transversely, and then heated at 
either one end or the middle, lose nearly all their magnetism in 
the heated part. (La Lum. Elec.^ xliii. 258.) 

W. Kunz, in a paper on the “ Effect of Temperature on Hys- 
teresis,” shows that, with equal magnetic induction, the loss due 
to hysteresis distinctly diminishes with an increase of tempera- 
ture. In one piece of soft iron the loss per c.c. was 23,490 ergs 
when cold, 19,180 at 530"* C. (dull red), and 21,640 when cold 
again. A specimen of steel showed a diminution of loss from 
hysteresis of 20 per cent, when raised to a temperature of 100*C. 
(Elektrotechnische ZeUschrift^ xiii, 245.) 

JBflTects of magnetiEatlon. 

Shelford Bidwell has a paper “ On Changes Pi-oduced by Mag- 
netisation in the Length of Iron and other Wires Carrying 
Currents.” Changes of length are known to be related to several 
other phenomena of magnetisation, c.^., a twist is produced in an 
iron wire which is magnetised circularly and longitudinally at 
the same time. Clerk Maxwell considered that this was explained 
by an expansion along the spiral lines of magnetisation; but 
Wiedemann considers the explanation inadequate, and believes 
the phenomenon to be an eflect of unequal molecular friction. 

A close connection had already been shown by Prof. Knott 
between the phenomena of twist and those of elongation 
and contraction. Since the magnetic elongation is kpown to 
be diminished by tension, the conclusion may be drawn from 
his work that in an iron wire carrying a current the magnetic 
elongation would be increased, and the experiments described in 
the paper were undertaken to test this point The results show 
that the prediction was true, and strongly confirm Maxwell’s 
explanation of the twist mentioned above. 
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The apparatus and methods of observation were the same as 
those described in former papers. The wire in each case was 
10 cm. long between its supporting clamps, and the magnetising 
coil, 3 lbs. in weighty was support by the wire itself. The 
indications of the instrument were read to -nro oWinr 
length of the wire, which was demagnetised by reversals of the 
current before each observation. Similar experiments were made 
with nickel and cobalt; in the former the action of the cur- 
rent was practically insensible, and in the latter it was very 
slight. 

As an example of the results, we may take the following : — 
Wire of soft commercial annealed iron, -75 mm, in diameter. 
Magnetic field due to the coil 30 c.g.8. units ; elongation of wire 
with no current through it, *00000010 cm. ; with one ampere of 
current, *00000014 cm., and with two amperes, *00000020 cm. 
(Proc, Roy, Soc,, li. 495.) 

E. van Anbel has made some new experiments on the “ Influence 
of Magnetisation on the Length of a Bar of Bismuth,*' which is 
a diamagnetic substanca Shelf ord Bidwell {Proc, Roy, Soc,, xliii. 
408) had found an apparent change of length, which, in his 
opinion, could not be accounted for by the trace of iron present 
in the bismuth as an impurity. Dr. van Aubel uses an optical 
method, in which any expansion of the bar under examination 
is rendered measurable by means of changes in the interference- 
fringes produced by a sodium-light in a film of air contained 
between a fixed prism and a plate of glass which is fastened to 
one end of a lever connected with the bar of bismuth. The bar 
was 31 cm. in length, and is described as “absolutely pure.” 
The sensitiveness of the arrangement was such that a change of 
length of *0000016 mm., or (for the 20 cm. within the magnetis- 
ing coil) an alteration per unit length of *00000008 mm., could 
be detected. Now Mr, Bidwell obtained an apparent expansion 
twice 08 greot as this, while Dr. van Aubel fail^ to observe any 
alteration at all, so that it is probable that a bar of pure 
bismuth does not alter in length under the influence of magnet- 
isation. {Jour, de Physique [3], i 424.) 

C. Knott describes some experiments on “Certain Yolume- 
efiects of Magnetism.” The effects measured were the changes 
of the internal capacity of 5 iron and 6 steel tubes. Each tube 
was closed below, and, while under experiment, also closed above, 
by a screw-nut, through which a capillary glai^ tube passed, the 
whole being placed vertically within a magnetising coil The 
whole of the metal tube, and part of the capillary tube, were 
filled with water and the change of volume was shown by the 

j 
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motion of the meniscus in the capillary bore. The measurements 
were made by means of a micrometer microscope. 

The tubes were all 18 inches long, and IJ inches external 
diameter ; the interior diameters of both sets respectively were 
1 and 1^ inches. The observed changes of volume amounted 
to as much as 5 x 10”^ c.c. In the thinnest-walled tubes the 
volume at first diminished when the field was small, then in- 
creased with higher fields. In the thicker-walled tubes the 
capacity at first diminished and then began to increase, but never 
attained its original value. With the intermediate tubes very 
iri'egular results were obtained, which do not seem to follow any 
clear law, and it is evident that further experiment is necessary 
before any general statement on the point can be made. {Elec- 
trician^ xxix. 430.) 

T. Andrews publishes a continuation of his investigations on 
“Electro-chemical Efiects of Magnetising Iron.’' The effect studied 
was the difference of coiTosive action of a solution of cupric 
chloride on bars of steel magnetised and unmagnetised. The bars 
varied in lengtli from 3 to 4J- inches, and in diameter from *25 
to -3 inch. 

In any single experiment two pieces of about these dimen- 
sions were cut from the same finely-polished rod; one of them 
was magnetised, the othei was left unmagnetised. They were 
then weighed and put into separate beakers containing equal 
quantities of cupric chloride of the same strength. The bars were 
left in the solution for several hours, and then re-weighed. In 
every case the magnetised steel was the more corroded, to a mean 
extent of about 3 per cent, on the total loss of weight. The 
cause of this difference probably lies in “ the local electric currents 
set up by magnetisation between the polar and central portions of 
the bar, inducing somewhat greater chemical action.” {Proc, Roy. 
Soc., lii. 114.) 

IHagnDeUe instruments, 

J. Ewing showed an extremely interesting “ Magnetic Curve 
Tracer ” at the Edinburgh meeting of the British Association in 
August, 1892. An account of it may be read in the Electrician^ 
xxix. 385, and also in Nature^ xlvi. 552. 

It is an apparatus for automatically drawing magnetic curves 
— that is, curves showing the relation between the strength and 
direction of a magnetising force, and the magnetisation produced 
by it. Prof. Ewing had obtained these characteristic curves 
bMore by the slow process of plotting down on squared paper the 
results of a number of actual measurements. The curve is obtained 
by reflecting a spot of light from a mirror, which is so mounted that 
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it receives a horizontal motion proportional totho magnetisingforco, 
and a vertical motion proportional to the magnetisation produced by 
this force in the specimen of iron or steel under examination. 
The spot of light traces out the curve on a sheet of squared paper, 
or, if required, on a sheet of sensitised photographic paper. 

A complete cycle, giving the familiar “hysteresis curve,” may be 
gone through in a fraction of a second, so that if repeated rapidly 
the curve appears continuous on the screen, but in general use it 
would be performed more slowly, so as to allow the curve to be 
traced by following the spot of light with a pencil. 

The arrangement of the apparatus is as follows : — A wire is 
stretched in a narrow gap between the closely-opposed pole-pieces 
of a magnet made of the iron whose properties it is required to 
investigate ; through this wire a constant current passes, and 
when the magnetising current is sent round the coils of the 
magnet, this wire (in which the constant current is passing) 
moves up and down according to the variations of the magnetism 
in the magnet. This gives vertical motion to the mirror. The 
horizontal motion is obtained in a somewhat similar manner from 
a wire stretched in a narrow longitudinal slot in a permanent 
bar magnet, which wire forms part of the magnetising circuit — 
that is, is connected in series with the coils carrying the magnet- 
ising current, so that it has a variable current through it, and is 
in a constant magnetic field (which is just the opposite of the case 
of the other wire), and its motion produced on this account indi- 
cates the variations of the magnetising force, and gives horizontal 
motion to the mirror. 

The instrument may be made practically useful for very rapid 
workroom tests, etc. It may also be employed as a phasemeter, or 
as a dead-beat galvanometer. 

A more detailed account of the instrument in its latest form 
will be found in the Electrician^ xxx. 64. 

H. E. J. Q. du Bois, also at the British Association meeting, gave 
an account of his “ Magnetic Balance, and its Practical Use.” 
This is another instrument designed to test the magnetic properties 
of samples of iron. The test-piece is made in the form of a bar 
of certain dimensions (arranged to facilitate calculation, and the 
calibration of the instrument), and is supported horizontally 
between two massive vertical uprights, which form the poles of 
the magnet when the current is passed through the coil round the 
test-bar. 

Above these uprights a “ yoke,” nearly semicircular and formed 
of the best Swedish iron, is balanced eccentrically, so that when 
the bar is magnetised a turning movement is exerted on this 
j 2 
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yokoi owing to the unequal leverage on its two segments, and it 
tends to move on its axis of support until one end rests on the 
pole-piece beneath it. This is prevented by moving a weight 
along a horizontal scale attached to the yoke, until equilibrium 
is again established. 

The end of the semicircular yoke is prevented from ever 
touching the pole-piece by stopping against an insulated screw- 
point f^tened to the pole-piece, so that a small air-gap is always 
left, and the weight is altered in |>osition until it just pulls the 
yoke off this insulated contact-screw. 

The instrument is calibrated experimentally, and the contact- 
screw is enclosed in a cap to prevent subsequent alteration. From 
the readings given by the different positions of the weight on the 
sccde, curves are obtained giving the relations between the magnet- 
ising force and the magnetisation produced in different specimens. 
{Electrician^ xxix. 448.) 

W. Hibbert has made and patented a piece of apparatus for the 
production of a Permanent Magnetic Field. Magnets as a rule 
show a continual decrease of strength as their age increases, the 
rate of diminution of magnetic moment becoming slower and 
slower as time goes on. For some purposes it is useful to obtain 
as nearly constant a field as possible, and the arrangement of 
Mr. Hibbert’s apparatus for this purpose is as follows : — 

A cylindrical steel rod, 2^ inches long and 1 inch in diameter, 
is attached to two cast-iron pole-pieces. The upper pole-piece is a 
circular disc, 4 inches in diameter and f inch thick, fitting by a 
hole in its centre on the upper end of the magnet. The lower 
pole-piece is nearly hemispherical, and is screwed on to the lower 
end of the magnet, which stands up in it as in a basin. This pole- 
piece is of such dimensions that the top of the basin ’’ is level 
with the top of the disc, and a circular air-gap, less than inch 
in width, is left between them. In this narrow ring-shaped air-gap 
the magnetic field is found to be practically constant. A thin 
ring-shaped coil is so arranged that it may be made to fall through 
the air-gap ; in so doing a current is induced through it, which 
is measured in the ordinary way, and the constancy of the field 
proved. In one instrument there was no evidence of loss of 
magnetic moment in seven months. Neither did vigorous blows 
prepuce any appreciable effect, which was to be expected, since 
the fall of the coil many hundreds of times, with the conse(|uent 
shocks, was also inoperative in producing any decay of strength. 
Mag, [5], xxxiii. 307.) 

M. l la r ch T describes an ingenious Exploring Needle for 
Ma^etic Fields ; ” it consists of a thin steel tube, closed at each 
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end by a thin iron disc, and magnetised. A glass tube has a 
bulb blown at one end rather greater in diameter than the length 
of the magnet, and the bore of the tube is large enough to allow 
the magnet to slip down it into the bulb, which is filled with a 
liquid whose specific gravity is such that the hollow magnet will 
float anywhere in it in equilibrium. The tube is closed with 
plaster close down to the bulb, and the magnet will then indicate 
the direction of the lines of force at any position in which it may 
be placed. The steel tube should ‘ be as light as possible, and 
works well in a liquid of about *7 or -8 specific gravity. {La 
Lum. Ehc.j xliv. 236.) 

Terrestrial maifnetlsm. 

The year has been marked by several great “ magnetic storms, 
the apparent connection of which with sun-spots and exceptional 
displays of the Aurora Borealis has again been made manifest, 
although the mechanism of the connection is as little known as 
ever. The disturbance of February 13th and 14th was particu- 
larly noticeable, most observatories in different parts of the 
world giving some account of its effects. (See also page 137.) 

M. Mooreaux {Comptes RenduSy cxiv. 352) says that this 
was the most violent “ storm ” observed at Parc St. Maur (Paris) 
during the last ten years. It began suddenly at 5.42 am. (Paris 
time) with an increase of declination and horizontal force, and a 
decrease of vertical force. This agrees exactly with the record 
obtained at Kew, or at least as nearly as the accuracy of the time- 
scales can be trusted. The most important phase of the dis- 
turbance occurred between 11 p.ni. and 2 p.m., the spot of light 
at the maximum divergence from the normal value being thrown 
off the recording paper, so that absolute values were unobtainable. 
(The same thing happened at Kew and at most other observatories, 
the strips of paper not being wide enough for such exceptional 
records.) The storm ceased at about 5 p.m., after some hours 
of vibratory motion in all the magnets. The maximum dis- 
turbance in declination was approximately 1 25' ; while the 

horizontal and vertical forces altered by and respectively 
of their normal values. The curves obtained on the same 
days at seven other French observatories show an exact simul- 
taneity in the disturbances, and a perfect agreement in every 
detail. 

An important group of sun-spots had appeared on the 5th 
and remained clearly visible for many days, and although M. 
Jannsen does not consider the correlation between the phenomena 
proved, the general consensus of opinion runs in the other 
direction. It should be mentioned, however, that Lord Kelvin 
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has more recently given figures which tend to make the accuracy 
of this general view doubtful. 

Displays of the Aurora Borealis were numerous and excep- 
tionally brilliant during the storm in New York on the night of 
13-14, and over nearly the whole of Europe, while at the same 
time strong earth-currents made telegraphic work in many cases 
impossible, not only in Europe, but also in America, India, and 
Australia. 

The superintendent of the United States Naval Observatory 
(letter in Nature^ xlv. 493) confirms the remarkably sudden 
commencement of the storm at 12.40 a.m. (about 7.40 Greenwich 
time) on February 13th, with an increase of declination and both 
horizontal and vertical force. The maximum disturbance in the 
first was about l^**, while the horizontal force varied 2^ per 
cent. ; the vertical magnet was upset by the violence of its motion, 
and the record therefore lost. 

H. Wild (Coniptes RenduSy cxiv. 565) compares the record of 
the disturbance at Pawlowski with that obtained at Paris. 
According to him, the perturbations commenced at the two places 
at practically the same time, but in the opposite direction for all 
the elements — a very curious fact. The normal declination at 
Pawlowski was then about 0^ 5' W. ; during the storm it varied 
between V 27' W. and V 47' E. 

Another very disturbed period occurred about March 1 1 th-13th, 
and in Nature (xlv. 557) JK. A Veeder points out the coincidence 
of the recurrence of such phenomena with the period of a synodic 
revolution of the sun. He also maintains that solar disturbances 
have the greatest cflTect in producing terrestrial electric and 
magnetic disturbances when they occur at the east limb of the 
sun, and near the latitude of the plane of the earth^s orbit. 

M. E. Harchant, on the other hand {Comptes RenduSy cxiv. 
410), considers that spots have the greatest effect when they are 
crossing the sun’s central meridian. Many more ol)servations 
will have to be made before this point can be considered settled. 

A later paper by HL Bicco is based on the curves obtained at 
the Washin^n Observatory, and in it he compares the times of 
greatest disturbance with times of transit of large spots or groups 
of spots across the central meridian of the sun’s disc. Assuming 
that this position of a large spot is that in which it causes the 
maximum terrestrial magnetic disturbance, the figures obtained 
indicate a velocity of the influence, whatever it may be, from the 
sun to the earth, of less than velocity of light. The 

very serious diOSculty involved in granting the possibility of an 
entirely new velocity of this order to the passage of any influence 
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or wave-phenomenon through the ether makes it extremely 
doubtful whether the assumption at the root of the reasoning is 
correct ; and, in fact, our knowledge on the obscure points 
involved is too limited at present to allow of any exact generalisa- 
tion as to the connection between the phenomena in question. 
(The paper will be found in the Comptes Rendus, cxv. 595.) 

O. F. Fitzgerald, in commenting on M. Ricco's paper, remarks 
that the difficulties of imagining a direct electro-magnetic 
propagation as the cause of these disturbances, do not exist if we 
assume instead a discharge from the sun of highly-charged 
molecules, such as are assumed in one theory of comet-tails. Such 
a stream may leave a sun-spot at some angle with the perpendicular 
to the surface, so that a lag ” of the terrestrial disturbance 
behind the meridian-passage of a spot might be accounted for. 
(Electrician^ xxx. 48.) 

W. Ellis has a paper connected with this subject, “On the 
Simultaneity of Magnetic Variations at Different Places on 
Occasions of Magnetic Disturbances, and on the Relation between 
Magnetic and Earth-current Phenomena.’* He discusses the 
ordinary diurnal variation, etc,, and points out a close simul- 
taneity in the beginnings of sharp disturbances at widely-separated 
observatories. 

Seventeen days, between 1882 and 1889, were selected for 
comparison of the records obtained at Greenwich, Toronto, 
Pawlowski, Mauritius, Bombay, Batavia, Zi-ka-wei, and Mel- 
bourne, and for a few days in 1882 and 1883 at Cape Horn. 
The mean difference in time between the disturbances discussed 
varies from -f 2*4 to — 2*9 minutes, the agreement between 
Greenwich, Pawlowski, Mauritius, and Bombay being very close. 
The question arises, Are these differences real, or due to accidental 
error, arising, for instance, from the ordinary smallness of the 
time-scale 1 But even if they are real, the close coincidence is 
none the less very remarkable and interesting. He notices the 
curious point that the movements are not always in the same 
direction at different observatories, and concludes with a com- 
parison of some magnetic and earth-current records, (Proc, Ray. 
Soc., li. 445.) 


PHYSICAL ASTRONOMY. 

By E. W. maunder, F.R.A.S. 

The year 1892 presented not a few features of more than usual 
interest to the student of astronomy. Of these, three stand 
forward beyond all the others, each one sufficient in itself to give 



ance during February of the largest sun-spot observed since 
1871 ; the photographic study of the spectra of the chromosphere 
and prominences has continued, in the skilful hands of Sale and 
Deslandres, to bring fresh information to light ; the various 
planets — Venus, Mars, Jupiter, and Saturn — have proved most 
interesting objects of scrutiny; improved photographs of the 
moon have increased our knowl^ge even of its familiar surface; the 
long roll of minor planets has undergone a more rapid addition in 
consequence of the extension of the photographic method to this 
field ; whilst cometary discovery has been quite as active as usual. 
In stellar astronomy Nova Aurigae and the Variation of Latitude 
have indeed each in their several departments rather dwarfed 
other work ; but Chandler’s discussion of the period of Algol, 
pointing to the great probability of the existence of a second dark 
member of the system ; the publication of the companion volume 
to the Draper catalogue, and of the Potsdam observations of the 
motions of 51 stars in the line of sight, are matters deserving 
prominent mention. The work of the photographic survey 
of the heavens has gone on steadily, whilst not a few very 
instructive photographs have been obtained of comets, planets, 
star groups, and nebulce, apart from the routine work of the 
Survey. 

Tbe ran* 

Sun-8pot8 , — The striking increase in the solar activity which 
was the chief feature of the record of 1891 has continued to be 
manifest throughout 1892. The records for 1892 are, of course, far 
from complete at the time of writing this report, but so far as at 
present appears there was not a single instance of a day without 
spots. The quarterly reports of P. Tacchini {Comptea Rendus^ 
cxiv. 156 and 973, and cxv. 218) show that a slight falling-off in 
the numbers of the groups of spots in December, 1891, was succeeded 
by a very marked revival in January. February was distinguished 
not only by the number of spots observed, but by the almost 
unprecedented dimensions of the largest. April, May, and J une 
moi» than maintained the average of February as to the numbers 
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of Bpois, though no single spot appeared of dimensions at all 
approaching the great February outburst. Still, on the whole, 
the second quarter of 1892 was quite double that of the last 
quarter of 1891, either as regards the numbers or the areas of the 
spots displayed. J uly was even more strongly marked. IQis finnm 
(Jour. Brit. Aatr. Aaaoc.y iiL 11) records that not only did several 
single spots of exceptional interest appear in this month, but also 
“ two extensive trains, the first of which rivalled the great February 
group in longitudinal dimensions.” This group “at its early appear- 
ance consisted of three large 8|)Ots, but when on the wane b^me 
transformed into a multitude of smaller ones, closely connected 
together, almost like the links of a chain.” The other great July 
group formed a striking succession of large spots somewhat more 
widely separated. The latter end of August and the early part 
of September were somewhat quieter, but there was a distinct 
revival towards the latter end of the month, and October showed 
several fine groups, one of which, though far less closely connected 
than the great February group, nearly rivalled it in its extreme 
dimensions. 

But the outburst which marks the year is undoubtedly that of 
Februaiy. E. W. Maunder describes the principal spot as having, 
on February 13th, an extreme length of 14*" of solar longitude, 
and a breadth of 8® *2 of solar latitude, equivalent to 92,000 and 
62,000 English miles respectively, whilst the entire group of 
which it formed the principal part was nearly 25® in length, and 
10® in breadth, or in miles 162,000 and 75,000. The area of the 
great spot on this day was 2,940 millions of square miles, or 
reckoning the smaller spots which clustered closely round it, 
the spotted area of the entire group was 3,530 millions of square 
miles. {Knowledge^ xv. 68.) 

Not only was the group interesting “as the largest ever 
photographed since the beginning of the Greenwich record” 
(Maunder, Monthly Noticea, lii. 491), but its history presented 
some peculiar features. It was first seen, according to E. W. 
Maunder, on November 15th, 1891, and was not finidly lost to 
sight until March 17th, 1892. It was thus watched throughout 
the whole of five semi-rotations, and though it only attained 
gigantic dimensions during the February appearance, it was a 
considerable gi'oup during all the other four appearances. The 
most remarkable feature in its history as a whole was the 
striking and persistent drift in latitude which it exhibited ; 
its first appearance on November 15th being in S. lat. 16°-8, 
its final appearance on March 17th, in S. Lat 28^*4. Small 
drifts in latitude are not unusual, but a drift so great in amount, 
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and SO long-continued, is almost without precedent. {Monthly 
Notices^ Hi. 484.) 

The record of the year, therefore, has quite borne out the 
anticipation which was expressed in the “ Year-Book for 1891 
(p. 103), that the maximum would be an extremely active one, 
and as yet there has been no indication that the maximum has 
been {mssed ; it is possible that we have not yet attained to it. 
If we follow the indications afforded by the distribution of the 
spots in latitude, it would appear that the summit of the curve 
is almost reached. For, as P. Tacchini has shown in his 
quarterly reports {Coniptes Rendus, cxiv. 522 and 1,342 ; and 
cxv. 366), the great majority of the spots now lie in the zones, 
10®— 30^, with a distinct tendency towards the lower halves of 
those zones ; whilst J. S. Townsend and others have called atten- 
tion to the occasional appearance of small spots close to the 
equator. (Jour. Brit. Astr. Assoc.^ ii. 449.) The mean latitude 
is distinctly lower than in 1891, though perhaps it has scarcely 
yet reached the point most typical of maximum. 

In recent years the northern hemisphere has been the more 
prolific in spots up to maximum, the southern after maximum. 
In strict accordance with this habit, the northern hemisphere has 
been somewhat the richer during the past year, not for spots only, 
but also for faculse and metallic eruptions. The tendency has, 
however, been towards equality between the two hemispheres, 
and prominences have been very evenly divided. A review 
therefore of the whole range of solar phenomena for the year 
tends to indicate that the actual point of maximum has been very 
nearly reached ; whether it has been actually passed or not, it 
is yet premature to say ; most probably it still lies before us. 

Prominences. — The past year has not shown quite so marked 
an increase in chromospheric phenomena as in sun-spots. Still, 
the prominences have increased steadily, both as to number and 
average height and extent. The zones they have chiefly affected 
have been 40'’ — 60'’ on both sides of the equator, though they 
have been found in every latitude except quite close to the poles. 
Some especially striking outbursts deserve mention. Thus, in 
connection with the great February sun- spot, J. F4n3rl observed a 
dazzling protuberance of a height of 1 24" (50,000 miles) giving a 
continumis spectrum, whilst there was a series of metallic erup- 
tions, many of them extremely bright at the same part of the 
limb. (Comptes Rendus^ cxiv. 524.) This was just after the 
spot had dii^ppeared at the west limb ; before it reappeared 
again at the east limb H. Deslandres, on March 3, observed a 
prominence remarkable both for its brilliancy and its speed in the 
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line of sight, the greatest displacement of the lines corresponding 
to a motion of over 120 miles a second. Photographs of the 
spectrum of the prominence gave the entire series of 10 hydrogen 
lines, first discovered by Huggins in the ultra-violet spectra of 
the white stars. Other important lines were observed which had 
not been previously recognised in the chromosphere except on 
the occasiou, mentioned above, of the prominence of Feb. 19. 
(Comptes Jiendus, cxiv. 578.) 

The month of April also was especially prolific in remarkable 
outbursts. Thus, E. L. Trouvelot observed an arched prominence 
on April 6, which extended along some 12° of the solar circum- 
ference; its length was thus more than 90,000 miles, whilst its 
height was but little short of 60,000. On April 8 the same 
observer recorded another which rose to a height of about 
7 2,000 miles, increased in about half-an-hoiir later to more than 
105,000. This eruption appeared to resemble a candle-flame in 
shape. On April 15, again, another great pmminence was 
recorded, not so tall as the two just mentioned, but 34° or 

255.000 miles in extent along the sun’s limb. {L^Astronomie^ 
xi. 249.) Three weeks later J. T6nyi remarked an eruption 
distinguished by the great height which it attained, and the 
enormous rapidity with which the ascent was made. At 
lOh. 25m. Kalocsa M. T. the prominence was only a very small 
one, but at 12h. 11m. it began to show a very swift upward 
motion, and in 8ra. time had reached a height of 140,000 miles, 
and it was still moving upward at a speed of 228 miles per 
second. The lower part of the prominence faded away, and the 
remainder appeared as a detached cloud, 160,000 miles from the 
limb, but still continued rising. The greatest height reached was 

237.000 miles, the prominence fading away soon ^ter. (Meni. d. 
Soc. </. Spettr, ItaL, xxi. 75.) 

rromiiience photography, — Very striking advances have been 
made in this field during 1892. H. DeslandreB, working with a 
combination of instruments from which glass is excluded, a 
grating spectroscope provided with quartz lenses being used in 
connection with a siderostat and an 8-inch silvered speculum, 
has not only succeeded in photographing the entire Huggins 
series of the hydrogen lines in the spectrum of a prominence as 
stated above, but, in addition, has secured five lines more. As these 
agree closely in wave-length with the formula for the hydrogen 
spectrum given seven years ago by Balmer, and more recently 
confirmed by Ames, there can be no doubt but they belong to 
the same element The same prominences also gave a number 
of bright lines in the ultra-violet belonging to aluminium, 
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magnesium, and iron, besides several lines the element producing 
which has not yet been determined. {Comptea Rendua, cxv. 
222.) In the spectra of the faculse Deslandres always finds the 
H and K lines doubly reversed ; a discovery fully confirmed by 
G. E. Hale at the Kenwood Physical Observatory. The latter 
finds that these two lines are also doubly reversed in the penumbrae 
of spots, and that they always extend right across the umbrae, but 
in this latter region only as single lines. 

O. E. Hale’s principal work has been, however, the devising an 
instrument for photographing prominences and faculse. The 
principle of the instrument lies in the employment, with a 
grating spectrum, of a second slit, so arranged in the focus of the 
viewing telescope that the K line of the fourth order always 
falls upon it. The photographic plate receives then only the K 
light, and by a suitable and simultaneous movement of the two 
slits the entire sun-spots — faculse, chromosphere, and prominences 
— can be photographed at once, by monochromatic light. The fact, 
mentioned above, that the H and K lines are always briglit in 
faculse, causes these to be recorded on the photographs not merely 
near the limb of the sun, but even over the centre of the disk. 
Their extent and importance has come, therefore, into quite new 
prominence, and the curious result has been obtained of a gi’oup 
of spots being entirely hidden on the photographs by bright 
faculous masses which were wholly invisible to the eye. {Aatron, 
and AatrchPhyaica^ i. 603.) 

The aolar apectrum. — Apart from the above researches of 
Deslandres and Hale, there has been little to record as to work 
on the solar spectrum during the year. F. McClean brought out 
a beautiful series of “comparative photographic spectra of the 
sun and the metals,” at the close of 1891. Tlie metals illustrated 
were those of the platinum and iron-copper groups, and were 
15 in number, the maps being arranged in six sections and 
extending from near D to above H. {Monthly Noticea^ Hi. 22.) 
The important paper by A L. Cknrtie, on the spectra of sun-spots 
observed by him in the B-D region during the years 1882 — 1889, 
has been published in the Memoira of the Royal Aatronomical 
Society (1. 29), but the preliminary abstracts were noticed in the 
Year-Book” for 1891. 

The rotation period of the sun. — N. C. Dan^r has taken up the 
problem attempt^ some years ago by C. A. Young, and more 
recently by H. Crew, viz., the determination of the solar rotation 
period by the displacement of the lines in the spectra of the 
limbs. For this purpose Dun4r chose a group of four lines, of 
which two were solar and two telluric. I^ie motion of the limb 
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of the sun as it rotates on its axis causes, of course, a slight dis- 
placement of the solar lines, whilst the telluric are unaffected. 
The observations extended over three years, and ranged from the 
solar equator to Lat, 76**. They quite confirm the fact, which has 
been inferred from sun-spot observations, that the rotation period 
varies with latitude, but have much greater accuracy, and have 
been carried into far higher latitudes. They are not, however, 
decisive as to the true mathematical expression for the solar 
rotation. (Recherchis sur la Rotation du Soleily R. Soc. Sc, Vpaala,) 

SunrspotSj magnetic storms^ and aurorce, — The great February 
sun-spot having been accompanied by a violent magnetic storm 
and by brilliant aurorae, fresh attention has been drawn to the 
connection between the three orders of phenomena. E. W. Maunder 
pointed out {Knowledge^ xv. 89) how strong was the evidence 
that the very largest sun-spots are answered by unusually violent 
magnetic storms, the great spots of 1882 being cited in connection 
wil^ the February group as examples. A. Ricco found that of 
eleven magnetic storms in the early part of the present year all 
those of extraordinary violence, and nearly all those of con- 
siderable intensity, took place shortly after the passage of a great 
spot across the central meridian of the sun. {Comptes Rendua^ 
cxv. 595.) This same law of “ westerly position ” is also brought 
out by examples which A. J. 8. Adams brought together in a paper 
on the same subject. {Jour, Brit, Aatr, Aaaoc,^ ii. 343.) 

The development of solar activity has been accompanied by a 
notable increase in the number of aurorae observed. H. Corder 
recorded 21 bright aurorae in the year ending Sept 30, 1892, as 
against 12 in the preceding twelvemonth, and Geelmuyden states 
that the past winter was the most prolific in aurorae since 1871. 
{Ibid,, iy, 11.) 

Temperature and thermal ahaorption of the au'n , — H. Le 
Chatelier concludes that the sun has an effective temperature of 
7,600** C., with an error probably not exceeding 1,000**. The 
actual temperature will no doubt be higher, as part of the solar 
radiations must be absorbed by its atmosphere. His experiments 
have been made with temperatures differing from one another by 
an amount four times greater than those of the most extended 
hitherto made, and he therefore considers them as capable o{ 
leading to more trustworthy conclusions. The effective tempera 
ture is defined as that temperature which a body of emiasivf 
power equal to unity must have in order to send us radiations oi 
the same intensity as those of the sun.’^ {Comptea Rendua, cmv 
737.) An investigation bearing some relation to Le Chatelier't 
has been carried on at Potsdam by B. B. Frost, who has beei 
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determining ike decrease of the radiation of the sun’s heat from 
the centre towards the limb, with results in fair agreement with 
theoretical values deduced from La Placets corrected formula in 
the “M^anique Celeste,” Book x. Observations of sun-spots 
made with the same apparatus give the radiation from the umbra 
of an average spot as about equal, area for area, with that of a 
district of the general surface of the radius from the limb. 
(Aiftron. Xachr,^ cxxx. 129.) 

Tlie solar parallax . — Four stations were occupied during each 
of the transits of Venus in 1874 and 1882, with a view to making 
heliometer measures of the distance of Venus from the sun^s limb, 
and A. Auwers has recently published the res>ilts of their re- 
duction. From the 1874 transit the parallax obtained is 8"’877 
±0"*043 ; from that of 1882, 8"-879 ±0"*037. {Astron. Nachr., 
cxxviii. 329.) A very different method, and with a very different 
result, has been employed by H. Battermann, who observed 250 
occultations of stars by the moon in the 18 months from 1884, 
April, to 1885, October. He points out that the occultation of 
comparatively faint stars can be observed near new moon, and 
hence that the list of occultations predicted in our almanacs could 
be considerably and most usefully extended. The concluded 
solar parallax is 8"-794 

Tlie moon. 

In the department of lunar theory F. Tisserand has been giving 
attention to the hypothesis that tidal friction causes a retardation 
in the rotation of the earth, bringing about a gradual increase in 
the length of the day, and producing an apparent acceleration in 
the motion of the moon. But if this retardation really takes 
place, it must exert an influence on the apparent motions of other 
heavenly bodies, and Tisserand has therefore investigated the 
matter for the planet Mercury. Meeting, however, only with 
negative results, he concludes that the sidereal day has remained 
invariable, and that the effect of tidal friction on the rotation of 
the earth has been counteracted by the contraction of the earth 
due to cooling. {Comptes Kmdus^ cxiii. CG7.) 

A very considerable increase has been given during the year 
to our knowledge of the lunar surface by the beautiful photographs 
which have been taken with the great refractor of the Lick 
Observatory, and which have been subsequently placed in the 
hands of L. Weinek for examination and enlargement. A 
catalogue of new rills in Cleomedes, Einmart, Picard, and 
Longomontanus, is given by E. 8 . Holden in the P^h. Astr. Soo. 
Pacific (iL 78), who also remarks in the same journal (ii. 116) 
that the lick natives ^ have brought out quite new features. 
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mined Craters 50 miles in diameter, long streaks and ridges, 
not suspected or even not perceptible in ordinary visual observa- 
tion/' A new craterlet near Billy, which is not on any of the 
classic maps, and %he existence of which has since been confirmed 
by direct observation, was also discovered by Weinek on a Lick 
photograph. (Astron. Ndchr., cxxix. 305.) 

W. H. Pickering at the superbly placed station of Arequipa, 
Peru, has given considerable attention to the systems of bright 
streaks observed on the moon, and suggests that they are probably 
composed of a light-coloured powder, possibly pumice, extending 
away from the craterlets. This hypothesis would explain why 
they are only conspicuous when the shadows visible on the moon 
are short. {Astron. Nachr.y cxxx. 225.) E. S. Holden, pointing out 
some apparent discrepancies between the position of these streaks 
on the Lick photographs and on the maps of the moon, suggests 
the possibility that they undergo a slight apparent shift of 
position as the illumination changes, and urges the desirability of 
the matter being properly investigated, ofiering at the same time 
to place the Lick photographs at the disposal of anyone wishful 
to take up the investigation. {Pub. Asir. Soc, F<icijicy iv. 81.) 
W. H. Pickering has put the case very forcibly for the probability 
of there still being active volcanoes on the moon, and has called 
the attention of selenographic observers to the neighbourhood of 
Bessel, and the floor of Plato, as especially important regions in 
this connection. The evidence of real changes having taken place 
in Plato within recent years appears particularly strong. 
{Observatory^ xv. 250.) 

Tlte Planets 

Venus. — An important memoir upon this planet has been pub- 
lished by E. L. Trouvelot, in which he gives the results of nearly 
twenty years' observations. Amongst the more important con- 
clusions at which he arrives is that the old rotation period of 
De Vico is practically correct, and that though the precise time 
is not yet determined, it is not very far from 24 hours. The 
brilliant spots seen on the limb are permanent, and are very lofty 
mountains, which surround the poles, and rise above the dense 
and deep atmosphere of the planet. The equator is inclined only 
some 1 O'* or 12® to the plane of the orbit, and the longitude of 
the ascending node is 2^, The irregularities so often detected at 
the extreme points of the terminator are real, and in Trouvelot's 
view are due to the great height of the polar mountains. The 
planet can be seen by the naked eye in full daylight whenever 
its distance from the sun is not less than 10® at inferior conjunc- 
tion, or than 6®'at superior* {Observations sur lesPlanHes^ Yinue 
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et Mercure, Sac. Aatron. de France, vi.) Ldsohardt, in a discussion 
of the observations made by Denning and others, and compared with 
his own, arrives at a similar conclusion with Trouvelot as to the rota- 
tion period of Yenus, and finds no support of Schiaparelli’s period 
of 224 days. {Nature, xlv. 210.) J. J. Laaderer concludes from 
polarisation experiments that the visible surface of the planet con- 
sists chiefly of thick clouds, the light of Yenus in crescent, at greatest 
elongation, not being polarised. This conclusion well access with 
Trouvelot’s observations, and explains the difficulty experienced in 
determining the period of rotation. {Comptea Rendus, cxiv. 1524.) 

Mare. — Though the opposition of Mars which took place on 
August 4th was a very close one, and the planet had therefore a 
large diameter, the results of observations have been rather 
disappointing. For the planet was nearly at its greatest southern 
declination, and hence was peculiarly ill-placed with regard to 
northern observatories, whilst the weather was in general most 
unfavourable for work. Nevertheless, a number of interesting 
facts have been placed on record. A great number of Schiaparelli’s 
canals ” have been re-detected by different observers ; but 
their doubling or “gemination” has been only seldom seen. 
C. A Young, observing under fine conditions with the 23-inch 
refractor at Princeton, found that markings which with low 
powers appeared to him to resemble the Schiaparellian canals, 
under higher magnification were resolved into “mere shadings, 
irregular, indefinite, and vague in outline, and often discontinu- 
ous.’’ {Astronomy and Astro-Physice, i. 675.) The lack observers, 
on the other hand, support the Italian astronomer, and not' only 
recorded many of his “ canals ” as single objects, but, on August 
17th, three of them independently observed the duplication of 
th^ Ganges, and A Stanley Williams, an English observer of 
exceptionally keen sight, though armed with only a small 
telescope, has remarked the same change in the case of this and 
also of other of the canals. 

But distinctly the most important contributions to areography 
have come, as might naturally have been expected, from Are* 
quipa, where Mars was nearly in the zenith, and where the 
observer had the great advantage of an elevation of more than 
8,000 feet. With these advantages W. H. Pickering has convinced 
himself that several very well developed “canals” cross the 
“ oceans,” a most important fact to remember in theqrising on the 
meaning of the phenomena The appearance or disappearance of 
some of the “ canals ” seems to be intimately connect with the 
seasons of the Phjp^t, and there are regions in the neighbourhood 
of the poles wttm appear green up to the vernal equinox, but 
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lose their tint almost immediately after. Pickering considers 
that two dark areas, under &yourable circumstances, of a very 
distinct blue colour, are most probably water, and he found them 
present faint traces of radial polarisation when near the limb. 
As to the other so>ci|lled oceans ” and canals,'’ he is inclined 
to doubt if they contain water at all. {Astronomy and Astro- 
Physics^ i. 668.) J. Perrotin, at Nice, has noticed a number of 
small white spots, not polar, which, when brought by the rotation 
of the planet up to the limb, evidently project^ beyond it, 
indicating a height in some cases of over 40 miles ; whilst 
several observers have remarked the curious phenomenon of 
a dark rift in the very centre of the white polar cap itself. 
The break-up and diminution of the polar cap as the planet 
approached opposition was very remarkable, and W. H. 
Pickering was much stinick with the great and rapid changes in 
many of the leading details of the planet which followed upon it. 
V Astronomic for June, 1892, and the following months, and 
Astronomy and Astro-Physics for the same period, contain a 
number of papers, illustrate by numerous drawings of the planet 
during the late opposition. A comparison of these, and especially 
of the drawings of W. W. Campbell, E. E. Barnarf, W. Hussey, 
and 0. A. Young, in the October number of the latter publica- 
tion, show very forcibly how great is the diiKculty in accurately 
representing the appearance of this planet. The accord of the 
different observers is just sufficient to show that they had the 
same chief objects under examination ; the differences between 
them' are much greater than can with any probability be as- 
signed to real changes on the planet, and yet greater than 
could have been supposed would be caused by personality in 
seeing or in delineation. To make the problem more perplexing 
still, C. A. Young's drawing of the Kaiser Sea, whilst it differs 
considerably from the more recent drawings of the same district 
by several other observers, corresponds very closely to some of 
the best of the older drawings we possess, as those of Lockyer, 
1862, of Dawes in 1864, and of Green in 1877. 

Threo writers have discussed the condition of Mars in a 
popular style. B. S. Ball, who gives great prominence to G. John- 
stone Stoney’s explanation of the absence of hydrogen from our 
atmosphens, and who insists on its probable abs^ce from that of 
Mars (/bfA JJeo., Oct. 1892) ; E. W. Maunder xv. 167), 

who argues for-li rare atmosphere on Mars, and one usually tranquU, 
and largely free from dust ; and E. 8. Hdden {Forum^ xiv. 359), who 
inclines to the vie wthat Mars may have a dense atu^osphere, and be 
in a somewhat heated condition. The ideas which teeim to have laid 
B 
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bold of the popular imagination, that the canals ’’ are of artificial 
origin, that therefore Mars has inhabitants, and that it is possible 
for us to communicate with them, are too absurd for notice. 

A most thorough and exhaustive monograph on the planet 
has also just been published by C. Flammaiion, entitled “ La 
Plandte Mars.” It contains more than 600 maps and drawings 
of the planet. 

Jupiter . — The fading of the great red spot which has been so 
long the most prominent and familiar marking on the planet, has 
been the most striking event connected with the planet itself. 
There had indeed been a partial revival during 1891, but the pro- 
cess of fading, which had been so apj)arent in 1890, has continued 
through 1892. But the curious shoulder on the south edge of the 
South Equatorial belt still marks out the position of the spot, and 
is as conspicuous as ever. The rotation period of the spot, which 
had undergone a slight increase during 1891, became somewhat 
shorter again in 1892. Both the North and South Temperate 
Belts of the planet have presented features of interest ; the former 
by the apparition of a series of strongly-marked dark spots of 
short rotation periods, and showing an equatorial drift, and the 
latter by the formation of a long dark marking which at one time 
was of an intensely reddish-brown tint. Later it faded almost 
entirely away, and it survives only as a comparatively feeble 
marking. Its rotation period has been a little irregular, but it 
has tended to; a in on the red spot. The Equatorial Zone has 
been less active than usual, the most noteworthy circumstance 
concerning it being the coming into somewhat greater distinctness 
of a faint belt, almost precisely on the planet’s equator. (W. R. Waugh, 
Jour. Brit. Astr, Assoc. j iii. 14.) 

Photography as applied to Jupiter has made very distinct 
advances, some very teautiful negatives having been secured by 
A A Ck>xiuuoii {Monthly NoiiceSy lii 18) and at the Lick Obser- 
vatory. Several of the latter have been presented to the Royal 
Astronomical Society, and a number of these have been measured 
by A 8. Williami, who reports that the photograph evidently 
compares favourably with the average drawing of Jupiter, in 
point of quantity of detail, and is certainly immensely more 
accurate ; though of course we can see visually much more 
minute details than can be photographed at present.” {Fuh. Astr. 
Soc. Pacijlc, iv. 166.) 

SateUites of Jupiter. — The most striking discovery of tbe year 
has been the detection of a fifth, or rather an inner, satellite 
of Jupiter. £• E. Barnard liad devoted such opportuniti^ as were 
open to him for searching with the 36-inch refractor for other 
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satellites of Jupiter, and on September 9th detected an exceed- 
ingly faint star, close to the third satellite. A series of measures 
made on the following evening, and repeated on the next few 
nights, showed beyond all doubt that it was really a new satellite, 
and determined its distance to be about 112,400 miles from the 
centre of Jupiter, and its period of revolution about llh. 57m. 
The orbit of the new satellite lies in the plane of the planet's 
equator. Its brightness is estimated to be about equal to that 
of a star of the 13th magnitude, though its close proximity to the 
planet renders observation especially difficult, and Barnard regards 
it as a far more difficult object than either of the satellites of Mars. 
{Astron. Journ,, xii. 81.) It has since been observed by T. Eeed, 
with the 23-inch refractor of the Halstead Observatory. He does 
not consider it a specially difficult object under favourable circum- 
stances, and considers that it should be looked for with telescopes 
even of 15 or 20 inches. {English Mechanic^ Ivi. 294.) 

The great Lick telescope has also been employed for the 
determination of the rotation period of Ganymede, the third 
satellite, and both J. W. Schaeberle and W. W. Campbell succeeded in 
detecting a number of markings upon it. The observations 
render it exceedingly probable that the satellite, like our own 
moon, always turns the same face to its primary. {Puh, Astr, 
Soc. Pacific^ iii. 359.) 

A. A. Michelson has employed the method of interference in 
order to measure the diameters of the satellites of Jupiter, with 
the following results : — I., 1"*02 ; II., 0"-94 ; III., 1"*37 ; IV.^ 
r'*31. The diameter thus obtained for the third satellite is much 
smaller than that arrived at by other observers. Hough and Burnham, 
for example, giving it as 1'' -78 ; but for the three other satellites? 
and especially for the first two, the agreement with the micro- 
metrical method is quite close. {Nature^ xlv. 160.) Probably the 
third satellite has a higher albedo, or coefficient of reflection, than 
the others. 

Saturn , — The disappearance of the rings during October, 1891, 
in consequence of the passage of the plane of the rings through 
the sun, was all but repeated on May 20, 1892, when they nearly 
disappeared a second time, due to the earth coming nearly into 
the plane of the rings. The date fixed by A Freeman for the 
i-eappearance of the ring, 6 o’clock on the morning of Nov. 1 
{Jour. Brit. Astr. Asaoc.y iL 68, and “ Year-Book ” for 1891, 109), 
proved to be a little late, £. £• Barnard, with the superior 
opportunities and powerful equipment of the Lick Observatory, 
ascertaining that the time fell between 9h. 3m. and 17h. Om. on 
October B9, 1891, Mount Hamilton Mean Time. {Monthlg 
K 2 
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Notices^ lii. 419.) Another interesting phase was presented bj the 
planet on March 12, 1892, when the elevation of the sun and of 
the earth above the ring was the same, 2° 3'. As the planet was 
near opposition, the particles of the crape ring hid their own 
shadows. A. Freeman, observing the planet on this occasion, con- 
vinced himself that there was a pale red band apparently almost 
in contact with the crape ring, but which was a true north 
equatorial mottled red belt having its S. edge on the true equator 
of Saturn. From the fact that between the crape ring and this 
belt a portion of the bright surface of Saturn was visible, Freeman 
argues that if any atmosphere is attached to the rings it lies over 
the crape ring only. (Jour. Brit. Astr. Assoc.^ ii. 272.) 

The position of the planet has been very favourable for 
observing transits of the satellites across the disk, and on March 
11, A. Freeman observed a dark transit of Titan, and of his 
shadow. Transits of the shadows of Rhea, Enceladus, and Mimas 
have also been observed. 

Search for a plamt beyond Neptune. — I. Roberts instituted a 
photographic search for a planet beyond Neptune in accordance 
with the predictions of Ot. Forbes, and two sets of negatives at an 
interval of not less than seven days were taken of the region the 
latter had indicated. The plates were then carefully compared 
by superposition, but no trace of a new planet was discovered, 
although no object of the 15th magnitude or brighter could well 
have been overlooked. (Monthly Notices^ lii 501.) 

Albedoes of the plajiets . — 0. Lohse has published during the 
year the observations which he made of the planet Mars during 
the oppositions of 1884-6-8. These include a series of observa- 
tions made during October, 1883, of the comparative photographic 
brightnesses of Jupiter and Mars. The superiority of the former 
planet was most remarkable, the albedo of the southern hemisphere 
of Jupiter for the actinic rays being 24*4 times that of Mars. That 
of the northern hemisphere was considerably lower, being almost 
exactly half the amount, or 12-1. {Pub. des Aatroph. Obs. zu 
Potsdam^ viii.) J. E. Gtore has compared the albedoes of the 
various planets for the visual rays, and finds Uranus to come first 
with an albedo of 0*68, whilst Mercury, with an albedo of 0*13, 
comes even lower than the moon, 0*17. {Knowledge.) 

Minor Planets. — The discovery of new minor planets has gone 
on with great rapidity during the year, the number having been 
raised from 322 to 380, owing to the employment of photography 
for their detection. No fewer than twenty have been disooyei^ 
by this means, in one instance four minor planets, of wiioh two 
were previously unknown, being registered on a single plate.^ < In 
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consequence of the confusion introduced in the numeration of 
the asteroids by the rapidity with which new discoveries some- 
times followed each other, A. Kruegwr has suggested that asteroids 
should, like comets, be designated on their discovery simply by 
a letter in conjunction with the year. Later, when the discovery 
has been fully verified and the orbit determined, a place in the 
general catalogue of asteroids can be assigned to it. (Astr, Nadir, ^ 
cxxx. 160.) 

Comets. 

Several important comets have been discovered during 1892, 
the first being one detected by L. Swift just before daylight on 
March 7. It was then 30° south of the equator in Sagittarius, 
and was bright enough to be seen with the naked eye on the 
following evening. It moved somewhat rapidly in a north-eastern 
direction, and so soon became favourably situated for European 
observatories. On April 4 it had a tail 20° long, as observed at 
the Lick Observatory. Photographs taken at that observatory by 
E. E. Barnard, and by H. C. Russell at Sydney, showed a large 
amount of detail, the knots and bends in the tail, and the 
apparent darkening of the sky about the head of the comet, being 
the principal features. {Knowledge^ xv. 229.) 

Eleven days later two comets were discovered, one a small 
faint object detected by W. F. Denning; the other, the Pons- 
Winnecke comet of 1819 and 1858, being redetected byR. Spitaler. 

The fourth comet of 1892 was discovered by W. R. Brooks on 
August 28. It became well observed later, as it brightened a 
good deal and developed a considerable tail. 

Photography, which has proved so powerful an agent for the 
detection of new asteroids, secured the fifth comet, which was 
discovered on October 12 by E. E. Barnard. If an exception be 
made of the comet discovered during the total solar eclipse of 
1882, this is the first occasion on which a comet has been 
detected in this manner. M. Schulhof concludes that its orbit is 
very similar to that of Wolfs periodic comet of 1884 and 1891. 
He suggests that the two were originally one, but were separated 
in 1875 by the action of Jupiter. 

The sixth comet was discovered by E. Holmes on November 6. 
It was believed at first to show an orbit very similar to Biela’s, 
but later observations corrected this impression, and it was soon 
seen that elliptic elements would satisfy the observations. 
A. Berberich, amongst others, found that it was a short-period 
comet — Berberich’s j>eriod being 6*78 years, nearly the same ai 
that of Wolfs comet, alluded to above. This would point to it^ 
having been captured by Jupiter. The orbit appears to lie wholly 
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between those of Jupiter and Mars. {Edinburgh Circular^ 
No. 35.) A record of the comet appears to have been obtained 
in a photograph by W. Schooling of the region of the Andromeda 
nebula, on Oct. 18, and E. Roberts found that by accepting the place 
given by this photograph he derived an orbit with a period of 
fifteen years. (Monthly Notices ^ liii. 66.) A remarkable circum- 
stance about the comet has been the way in which it has increased 
in angular diameter whilst receding rapidly from the earth. It has 
become more and more diffused at the same time, and therefore 
more difficult to observe. 

The seventh comet was discovered by W. R. Brooks on 
November 20. It was circular in appearance, about 1' in 
diameter, fairly bright, but showing no tail. 

Nova Aurigrae. 

It should be a great encouragement to the amateur observer 
possessed of but small optical means that while one of the two great 
discoveries of the year, that of the fifth satellite of Jupiter, fell to 
the largest existing refractor, the other was secured by means of 
a common half-guinea spy-glass. T. Anderson, during the last 
week of January, remarked an unfamiliar star near 26 Aurigje, 
and drew the attention of the Astronomer Royal for Scotland to 
it on February 1. The next evening its spectrum was examined 
by W. Huggins at Tulse Hill, and its place determined at Green- 
wich. On February 3 its spectrum was photographed both at S tony- 
hurst and at South Kensington, the first of a most important 
series of photographs obtained at different observatories, which 
place this Nova far above all previous Novae as to the informa- 
tion which it has afforded us. 

The first point about the Nova was that it had gained its 
brightness several weeks before it was discovered, for a comparison 
of photographs of the region taken by E. C. Piokering at Harvard 
College, and by Max Wolf at Heidelberg, shows that it had 
suddenly risen from fainter than the 8th magnitude to brighter 
than the 5th between December 8, 1891, and December 10. 

The Nova proved very unstable in its brightness. After 
varying one way or the other for about a month, its light began 
to fade about March 6, and it decreased steadily and with great 
rapidity, until by the end of May it had sunk to the 15th magni- 
tude. It was then entirely lost for a time, but on August 19 
H. Corder found it had revived again, and was brighter than the 
lOfch magnitude, only to fade again shortly afterwards. E. E. 
Barnard also observed it about the same time, but remarked that 
the star had now the appearance of a planetary nebula, some 3" 
in diameter. 
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Its spectrum, both visual and photographic, was exceedingly 
complicated. The most conspicuous characteristic was the 
presence of a number of bright lines, amongst which those of 
hydrogen were prominent. Side by side with these lines was a 
similar series of dark lines, so that the star showed a double 
spectrum, one of radiation, and one of absorption, but the two 
spectra were displaced with regard to each other. If this relative 
displacement be explained by what appears to be the most 
natuml and indeed inevitable suggestion, we are compelled to 
conclude that the source of the bright line spectrum was receding 
from us in the line of sight, as compared with the source of the 
absorption spectrum, at a speed of more than 500 miles per second. 
Further, many of the dark lines appeared divided, and the bright 
lines likewise showed two or three maxima, as if we were dealing, 
not with two bodies moving in different directions, but with 
several moving with every variety of speed. H. C. Vogel con- 
sidered that the spectrum of the Nova consisted of at least three 
spectra superposed, their respective motions in the line of sight 
with regard to the earth being in one case 400, in a second 
case 23 miles per second of approach, whilst the third was 
receding with a speed of 300 miles per second. {Astr, Nacltr^y 
cxxix. 109.) 

The difficulty of explaining^motions so rapid and continued so 
long is very great. W. Huggins supposes that two gaseous bodies 
moving with hyperbolic velocity passed extremely near to each 
other, causing enormous tidal disturbances which produced erup- 
tions similar to those we witness on the sun, but on a far greater 
scale. The division of the bright and dark lines into two or even 
three parts would then be explained as ‘‘ reversal ” lines, such as 
are often witnessed on the sun, when portions of the same gas at 
different temperatures overlap each other, {Fortnightly Review^ 
June, 1892.) 

Agnes Clerke explains the observations by supposing that 
Nova Aurigee was really composed of two bodies, the principal of 
which was a “ white ” star like Rigel. Such bodies she considers 
to be in “ a state of powerful electrical excitement, creating in its 
neighbourhood a very extensive magnetic field. A second body 
entering this field, and sweeping with prodigious speed across the 
lines of forces traversing it, must then give rise to powerful 
electrical agitations.” {Contemporary Review, W. Bid- 

greaves considers the evidence points to a tremendous chromo- 
spheric disturbance in a single star ; whilst H. Seeliger prefers the 
idea of a star becoming involved in a cosmical cloud. {Astr. 
Nachr., cxxx. 393.) 
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The hydrogen lines from .0 in the red, up to the entire 
Huggins white star ” series in the ultrarviolet, though the most 
obvious, were far from being the only bright lines observed. 
W. Huggins identified sodium, but found a complete absence of 
correspondence to the typical cometary spectrufii, viz., that of the 
hydrocarbon flame. The nebular lines were also wanting, though 
a strong line was found near the place of the chief nebular line. 
(Astr. and Astro-Physics^ i. 671.) The presence of magnesium 
was considered doubtful. But W. Sidgreaves identified several 
of the leading chromospheric lines, and W. Huggins found a set of 
bright- lines far beyond the end of the hydrogen series in the 
ultra-violet, a significant testimony to the enormous temperature 
to which the star had been raised. B. Copeland traced a corre- 
spondence between some of the bright lines of the Nova, and those 
he had observed in the spectra of R. Andromedse and R. Cygni 
{Ibid., 593), and J. N. Lockyer found probable coincidences with 
the Wolf-Ray et stars, with the dark lines in the Orion stars, and 
the bright lines in the Orion nebula. (Proc. Boy. Soc., 1. 431.) 
W. W. Campbell gave a long list of identifications, including many 
chromospheric (mostly iron) lines, and several lines of magnesium, 
calcium, iron, sodium, and cerium. {Astr. and Astro- Physics, i. 
820.) The Nova at its revival in September and October gave a 
simple and possibly a nebular spectrum {Ibid., 820), thus furnish- 
ing another instance of connection between a “ temporary ” star 
and a nebula. 

Sidereal astronomy. 

Algol . — It was stated in the “Year-Book^’ for 1891 (p. 113) that 
H. 0. Vogel had established, by means of his spectroscopic observa- 
tions, that the variation in the brightness of this star was due to a 
partial eclipse, a dark companion coming between the earth and 
Algol in its revolution round the latter. But the period of Algol 
was already known to be subject to certain systematic irregu- 
larities, which seemed somewhat at variance with this theory, 
8. C. Chandler, however, after having first carefully determined 
the law of these variations in the period, has worked out a theory 
in explanation of them, and he ascribes them to the varying 
distance of the Algol system from the earth, and the consequent 
changes in the time taken by the light of Algol in travelling to 
us. In other words, Algol and its satellite revolve round a third 
body, like the satellite, a dark one, in an orbit of the same 
dimensions as that of Uranus round the sun, but in a period of 
131 years. The maximum retardation or acceleration of the 
eclipses should be 149 minutes, the orbit being supposed circular 
and inclined at an angle of 20'’ to the line of sight. In reality, 
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however, the retardation amounted to no less than 166 minutes 
in 1843, so that there are still further outstanding irregularities 
of which account must be taken. These are referred by Dr. 
Chandler to a disturbance of the proper motion of Algol, the 
meridian observations in his view indicating that the star is 
moving in an ellipse with a major axis of 2"*7. This conclusion 
would involve that the system is distant from us 15 million 
times as far as the sun, so that its parallax would be 0"*07, and 
Algol would have about the same actual brightness as Sirius. 
(Astroji. JouT., xi. 113.) 

The other variables of the Algol type, like their prototype, are 
supposed to owe their variation to a partial eclipse by a dark 
satellite. Several of them, Y Cygni especially, show, like Algol, 
irregularities in their periods, pointing to a similarly complicated 
system. But these are not the only indications of the existence 
of “ dark suns.” The triple star, f Cancri, has been shown by H. 
Seeliger to give evidence by the looped path of star C of the 
presence of an unseen fourth member of the system, and S. W. 
Bumham (^Monthly Notices 388) points out that such irregularities 
of motion are common amongst double stars, though, apparently 
forgetful of the evidence of the Algol type stars, he shrinks from 
adopting the hypothesis of invisible disturbing bodies. 

Tlie variation of latitude , — Another investigation of an even 
more important character than this on the period of Algol, and 
far more laborious, has also been carried out by S. C. Chandler. 
On the assumption that the earth is a perfectly rigid body, it has 
been shown that the axis of rotation would not be coincident wilh 
the axis of figure, but would itself revolve round it in a period of 
306 days, causing thereby a slight apparent change in terrestrial 
latitudes. This change was from the length of the period 
commonly known as the ^‘ten-month variation of latitude.” 
Several astronomers, amongst whom may be mentioned Peters, 
Nyr^n, and Newcomb, have attempted from time to time to 
determine from observation the amount of this variation ; but the 
declinations of stars, as^ determined at different observatories, 
failed to give any definite and coherent result, and it was 
supposed that the amount of the shift was so small that we were 
not able to measure it with our present means. Professor 
Chandler, however, from the discussion of some 33,000 observa- 
tions, has found strong evidence that the change takes place in 
427 days, or about fourteen months, and not in ten, as had been 
supposed ; and S. Newcomb concludes, from a very careful con- 
sideration of the whole question, that this period is not at all 
inconsistent with the requirements of theory. For if we abandon 
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the assumption of a rigid globe, adopted only for simplicity, and 
make a perfectly plausible assumption as to the elasticity of the 
earth, taking it to be about as great as that which Lord Kelvin 
concludes is demanded by the phenomena of the tides, the fourteen- 
month period can be accounted for. 

Prof, Chandler has not only fixed the period of the variation, 
but the amount ; ftnd his conclusion is that the axis of rotation 
revolves round the axis of figure in the direction west to east, and 
at a distance of 25 feet. As this conclusion rests upon observa- 
tions which are not only very numerous, but which have been 
made at seventeen observatories, of which four were south of the 
equator, and with twenty-one distinct instruments, and by nine 
different methods of observation, the evidence in its favour is 
very weighty. {Astron, Jour.y Nos. 248-273 inclusive.) 

It may be noted that in one important matter Profs. Chandler 
and Newcomb are not agreed — the former considering that the 
amplitude of the variation has been constant, but that the earlier 
observations show that the period was formerly shorter. Newcomb, 
on the other hand, concludes that both period and amplitude are 
subject to perturbations. The observations which Chandler has 
treated do not appear to givfe any evidence of secular change of 
latitude. 

Stellar photography , — The chart of the heavens has made 
good progress during 1892, a most important decision having 
been arrived at with regard to the length of exposure of the 
plates. A great number of experiments were made with screens 
placed before the object-glass, so as to shut off -”-ths of the light, 
in order to determine the correct exposure to secure a distinct 
image of an 11th magnitude star. These experiments were, how- 
ever, not found to be successful for the purpose intended, the 
resulting images showing diffraction effects and other modifica- 
tions. The screens have therefore been laid aside, and a slight 
modification of the procedure decided upon at the Conference of 
Easter, 1891 (‘‘Year-Book’’ for 1891, p. 115), has been adopted. 
The full exposure for the catalogue plates has been adopted as six 
minutes; this is to secure good measurable images of 11th 
magnitude stars. A second exposure of three minutes is given so 
that accidental specks may be differentiated from real stars. And a 
third of twenty seconds, recommended by W. H. M. Christie, will 
give a series of stars down to about the 9th magnitude, which will 
serve for comparison with the charts of the Bonn Durchmusterung, 
which embraces stars of that order, and so will afford an indica- 
tion as to whether any special circumstances have prevented the 
11th magnitude stars from being recorded by the longer exposure. 
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M. Loewy has also made a very important contribution to the 
success of the scheme by devising a method for greatly diminish- 
ing the number of standard stars to be observed with the transit 
circle. He has elaborated a method of connecting the measures 
of the stars on contiguous plates, so that very much fewer than 
the 60,000 or 70,000 standard stars, required according to the 
original scheme, will suffice. {Bulletin dev Comiti International 
Permanent^ Tome ii., fasc. 1.) 

The actual work of the Survey is being pushed on rapidly. 
Thus, at Greenwich about 700 plates have been already secured, 
and some of the foreign observatories are yet further advanced. 
Political occurrences have liindered the readiness of the South 
American observatories, but with their exception the real work of 
the Survey is being puslmd on smoothly and rapidly. 

In general stellar photography there has teen little to note 
beyond some fine plates of the Eta Argus nebula by H. C. Bussell, 
some of which show from 3,500 to 4,500 stars to a square degi’ee 
in the denser parts of the nebula ; a survey of the region of Nova 
Cygni (1876) by Isaac Roberts, from which several changes during 
the last sixteen years are inferred ; photographs of the Crab 
nebula in Taurus, by the same observer ; and a survey of the 
greater part of the constellation CygnusbyMax Wolf, which shows 
some very interesting structures in the Milky Way. E. C. 
Pickering’s automatic recorder, a photographic telescope so mounted 
and driven that it secures a record automatically of the entire sky 
during a night, registering stars down to the fifth or six magnitude, 
deserves a special mention, as it is by the registers thus obtained 
that we are able to ascertain when Nova Aurigae first flashed up 
into brightness, 

A valuable contribution to the mensuration of the Pleiades 
has been made by H. Jacoby, who has measured and reduced the 
photographs taken by L. M. Rutherford in 1872 and 1874 with 
his 13-inch telescope. These beautiful plates, containing twenty 
exposures on the group, have proved susceptible of very accurate 
measurement, the probable error of the mean places deduced 
being only about 0"*03 in each element. {New York Acad, of 
Science^ vi. 239.) 

The Milky Way , — A beautiful series of drawings of the Milky 
Way, made by Otto Boeddicker, have been published during the 
year. The drawings, which were made without optical assistance, 
employed Dr. Boeddicker nearly five years of hard work, and 
display an amazing amount of delicate detail. 

Double stars , — Three important memoirs on double stars have 
appeared during the year : Asaph Hall's observations with the 
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26-inch equatorial of the Washington Observatory, made during 
the period 1880-91 (Washington Observations, 1888, App. i.) ; 
B. W. Burnham’s measures with the Lick telescope, embracing 
many most difficult objects, some of which had not been measured 
since the time of their discovery (Astr^on, Ncbcltr., cxxx. 257) ; and 
W, H. Maw’s, made with a 6-inch telescope at Kensington (Mem. 
RA.S., voL 1.) 

The system of Sirius. — The irregularity in the proper motion 
of this star had occasioned the existence of a companion to be 
suspected long before its discovery by Alvan Clark in 1862. 
Anwers had then already begun a careful discussion of the 
observed positions of Sirius, which he published in 1868. He 
has now collected and discussed all the observations of the 
companion of Sirius from 1862 up to 1890, and deduced an orbit 
which not only satisfies the measures of the companion, but agrees 
in a very satisfactory manner with the meridian observations of 
Sirius. Adopting Gill and Elkin’s value for the parallax of 
the star, the masses of Sirius and the companion are respectively 
2*20 and 1*04 times that of the sun, the mean distance apart of 
the stars is about equal to that of Uranus from the sun, and the 
jieriod is 49*4 years. (Astr. Nachr., cxxix. 185.) 

Motions of stars in the line of sight — H. C. Vogel has published 
his first volume of results of his observations of motions of stars 
in the line of sight obtained by means of photography. His 
results show a very great advance in their general accordance 
upon those obtained by the visual method at Greenwich or else- 
where, and abundantly demonstrate the great advantages which 
photography possesses for this class of work. Some fifty -one stars 
have been observed, and the rates of motion obtained have been 
considerably lower than those obtained by W. Huggins, E. W. 
Maunder, and G. M. Seabroke. {Potsdam Observations, vii.) 

A fair proportion of stars observed both at Tulse Hill 
(Huggins) and at Potsdam agree as to direction ; a larger pro- 
portion of stars observed both at Greenwich and Potsdam agree, 
and a strong presumption is created that orbital motion is the 
cause of many of the apparent discordances, by the fact, pointed 
out by E. W. Maunder {Observatory, xiii. 393), that the Greenwich 
results, intermediate in time between those of Huggins and 
Vogel, tend to be intermediate also as to the motion recorded. 
The Potsdam results appear to point to but a very moderate 
speed for the sun in its progress through space. 

Detlandres at Paris, and W. W. Campbell at Lick, have also 
made some experiments in the same field ; so far, with results 
confirming the Potsdam observations. 
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The motion of the sola/r system. — Q. Porter has made a fresh 
attempt to solve the problem of the sun’s motion in space. 
Following Dr. Stumpe’s method, he has divided the 1,340 stars 
with which he has dealt into four classes according to the amount 
of their proper motions, and finds the apex of the “ sun’s way ” 
not far from the constellation Lyra, the stars with smallest proper 
motion placing the apex the furthest north, in Draco, and those 
with the greatest proper motion a little south of Vega. The 
‘‘line of sight ” observations of Vogel appear also to point to the 
neighbourhood of Vega as the point towards which the solar 
system is at present directing its way. {Cincinnati Ohs.y No, 12.) 

Stellar 'parallax. — Prof. Porter, like Dr. Stumpe, concludes 
that the proper motion of a star is an index of its distance from 
us. C. Pritchard, whose “ Researches in Stellar Parallax by the 
Aid of Photography ” have just appeared, and have won for 
him the Royal Medal of the Royal Society, appears to hesitate to 
make such an assertion. The result of a comparison between 
proper motion and parallax in those cases where the latter has 
been well determined, shows no universal and intimate connection 
between large motion and parallax. So, too, with stellar magni- 
tude and parallax. Though the apparent brightness of a star, just 
as its apparent rate of motion, must be affected directly by its 
distance, yet it is quite clear that all the brighter stars are not 
the nearest to us, nor all the fainter the furthest from us. Still, 
just as Gill and Elkin deduced 0"’089 as the average parallax for 
stars of the first magnitude, so Pritchard finds 0'’*056 for the 
average parallax of the second — it being borne in mind that in 
both classes the parallaxes obtained for the individual Stax’S 
examined varies from nothing to half a second of arc. All that 
can be said is that the fainter stars show, on the whole, a slightly 
increased tendency to yield a smaller parallax. 


METEOROLOGY. 

By CHARLES HARDING. F.R. Met. Soc. 

The synchronous system of charting observations, now commonly 
employed by the Weather Offices of our own and other Govern- 
ments, is enabling a satisfactory explanation to be given where 
before all was mystery, and it is probably by. the aid of syn- 
chronous and synoptic charts, embracing a laige area of the earth’s 
surface, that our knowledge of the laws which govern the weather 
will be extended. Good work has been performed during the 
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year in the way of perfecting anemometrical records, and by the 
introduction of improved instruments for the measurement of 
wind velocity and pressure. The record of bright sunshine is 
also becoming more general, and is now a feature of almost eveiy 
meteorological station. The stage of the science at present is 
that materials are being collected in large quantities, and there is 
much need for some master-builder to construct his theories. 

Atnwsplieiie eirciilallon and barometrical dis- 
lurbaneea* 

James Thomson delivered the Bakerian Lecture on the 
grand currents of atmospheric circulation. After giving a his- 
torical sketch of the progress of observational and theoretical 
researches into the nature and causes of the Trade Winds and 
other great and persistent currents of atmospheric circulation, the 
author propounds the theory that at the equator, or near to it, 
there is a belt of air ascending because of its high temperature 
and consequent rarefaction ; that its supply of air is maintained 
by influx from both sides towards the zonal region at its base, 
which is a region of diminished pressure ; that from its upper 
part currents float away to both sides northward and southward ; 
and that these currents continue in the upper regions of the 
atmosphere, each of them advancing towards, and in part to, the 
high latitudes of its own hemisphere, until, by cooling, its 
substance becomes less buoyant and sinks down gradually in 
\'arious latitudes of that hemisphere, and forms itself into a 
return current towards the equator in the lower part of the 
atmosphere. Prof. Thomson explained that over the middle, or 
middle and higher latitudes, there are three currents ; — 

(1) A top main current towards the pole. 

(2) A bottom subordinate current towards the pole. 

(3) A middle main current in direction from the pole, and 
constituting the joint return current for both the preceding 
currents ; and that all these three have a prevailing motion from 
west to east, in advance of the earth. That the great return 
current, flowing in direction from the pole towards the equator, 
arrives at a cei^in part of its course at which it ceases to revolve 
eastward in advance of the earth ; and for the rest of its course 
to the foot of the equatorial rising belt, it blows along the surface 
of the earth as the trade wind of the hemisphere in which it is 
situated. {Proc. Itoy, »So€,j li. 42.) 

B. H. Scott, lecturing on “ Atlantic Weather and its Connec- 
tion with British Weather/’ explains the broad i^rinciples w hich 
govern the weather system of the Atlantic. The author describes 
some of the results brought out by a discussion of the daily 
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synchronous charts of the North Atlantic for the 13 months end- 
ing August, 1883, which have been published by the Meteorological 
Office. It appears that there were 273 depressions during the 
13 months, whose trackfih were clearly traceable. ' By omitting 
those which appeared in August, 1882, the number is reduced to 
264, which lasted as follows : — 

Duration in days 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 1718 19 20 
No. of Depressions 36 33 40 3127 23 2214 713 6 3 3 2 — 1 1 1 — 1 

Of these, 140 lasted less than 5 days. Those of longest dura* 
tion were confined entirely to the autumn months. During the 
13 months there were 37 severe gales felt on the ooasts^ of the 
British Islands, which were classified as follows : — 


Appearing westward of Long. 40^^ 17 

„ in Mid-Atlantic 8 

Formed close to the British Isles 9 

Appearing to the eastward 3 


Of the 17 cases given above as starting near the American 
coast, only 12 came within the area of observation on the other 
side of the Atlantic. For the 12 storms, the times taken to cross 
the Atlantic were : — 

4 storms took 2 days. 

^ ^ » 

1 4 

1 tt It ^ It 

2 tt tt tt 

1 tt tt 19 ,, 

The author is of opinion that storm warnings from America 
are not of much service to this country. (Jour, R, U, Service 
Inst,^ xxxvi. 499.) 

Henry F. Blanford discusses the winter storms of. Northern 
India. It is pointed out that the storms of India differ very 
greatly in their leading characteristics at different seasons of the 
year. There are the well-known cyclones and cyclonic storms of 
the Bay of Bengal and the Arabian Sea, which are most frequent 
when the summer monsoon is at its height, and most severe at its 
commencement and termination. The storms that biing the 
rainfall of the cold season and the earlier spring months to 
Noithem India are of a very diiiei*ent ty|>e. These storms, if 
they travel, always move from west to east. They liave tlie usual 
cyclonic constitution, but the winds have but little force ; and it 
was not u^jtil the preparation of daily weather charts for the first 
time showed their true nature, that this fact was even suspected,^ 
Each of these cold- weather storms is preceded by a wave of high 
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temperature, and followed by a cold wave, except when the course 
of the storm is so far south of the Himalayas that little or no 
snow falls on the mountains. The author remarks on the 
general resemblance of the winter storms of Northern India to 
those of our own latitudes. In their eastward movements, the 
localisation of the rainfall, the contrasted temperature conditions 
of the opposite quadrants, and many other particulars, we may 
recognise their essential identity. But certain features which 
are more or less blurred in our European storms stand out in the 
case of the Indian storms with much clearer definition ; and they 
seem calculated to throw not a little light on the still vexed 
question of storm generation, and perhaps to reconcile some of 
the very conflicting views that now prevail on this subject. 
(Nature, xlv. 490.) 

W. L. Dallas writes on “ The Appearance and Progressive 
Motion of Cyclones in the Indian Ocean. He remarks that the 
common assumption is that a cyclonic system arises from the 
uneqiXal distribution of temperature over and above the earth’s 
surface. Given a more or less circular area of abnormal heat, it 
is held that interchanging motions between the exterior and 
interior parts of the system will arise. It is also held that this 
interchanging motion, owing to the deflecting force of the earth’s 
rotation, will take the form of gyrations around the centre of 
abnormal temperature, and that from such a system a cyclone 
will arise. With regard to the controlling influence on the pro- 
gressive motion of cyclones, all available evidence seems to show 
that this is centred in the movements of the upper atmosphere. 
The average curves which the cyclones of the Indian region, of 
the Gulf of Mexico, and of the Pacific Ocean, describe, are so 
obviously similar to the curves which the upper currents of the 
atmosphere^ describe in their passage from the equator to the 
temperate zones, that they form strong presumptive evidence that 
the relation between the two is that of cause And effect. (Amer. 
Met, Jour,, ix. 112.) 

A Woeikof deals with the subject of “Cold Waves.” He 
says there are two reasons why, in winter, high mountains should 
be colder than the free air at the same level and under otherwise 


similar circumstances. (1) In calm, clear weather the surface of 
snow cools intensely, and this cold is communicated to the lower 
stratum of air. The larger the surface of the summit, the more 
important is this. (2) In windy weather, when the wind comes 


from colder regions, the air ascends along the slo^ of the 
mountain, and is cooled by about P*6 Fab. for 300 feet, that is 


Inuch more than the mean rate of increase of temperature. 
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These two causes of cold do not exist in free air. Cold waves 
are not unknown on the old continent. They are exceedingly 
rare in the extreme west, and more and more frequent and strong 
as we advance towards the plains of Western Siberia and 
Turkestan. Yet even there they are not so frequent as in the 
United States. (Amer, Met Jour.^ viii. 376.) 

J. M. Pemter delivered a lecture before the Scientific Club 
in Vienna, on “ The General Circulation of the Atmosphere.” 
The author deals with the history of the subject, and traces the 
different theories of Dove, Buys Ballot, Ferrel, and others. He 
states that in consequence of the unequal heating of the sun and 
of the rotation of the earth, air currents occur at all parts of the 
globe. These currents are easterly between 35° N. and 35° S. 
latitude, and westerly outside this zone. (“ Translation of Lec- 
ture,” Nature^ xlv. 593.) 

Thuiidenstormis, etc. 

A. B. M. discusses the relation existing between thunderstorms 
and sun-spots. He deals with observations for Berlin from 1850 
and for Geneva from 1852 ; these show a decided agreement 
between the maxima of thunderstorms and minima of sun-spots, 
and similarly with minima of thunderstorms and maxima of sun- 
spots. There is not always exact coincidence, but a very con- 
siderable correspondence will be noticed. A table is also given 
which shows the number of days on which thunder was observed 
during the six months, April to September in each year, from 
1850 to 1891. These observations seem to show an agreement 
between maxima occurrences of thunder and minima sun-spots. 
{Nature^ xlvi. 488.) 

J. P. van der Stok, in discussing the observations made at the 
Magnetical and Meteorological Observatory, Batavia, for the 
years 1866—90, considers it proved beyond doubt that at Batavia 
the moon has an appreciable influence on the number of thunder- 
storms, The cloud-curve also shows an increase of cloudiness as 
the moon rises above the horizon. After the moon has set, the 
cloudiness does not decrease at a continuous rate, but apparently 
remains constant. 

W. von Besold contributes a memoir to the Berlin Academy 
on “ Thermodynamics of the Atmosphere.” The author con- 
siders the cases of supersaturation with vapour and of over- 
cooling. A sudden cessation of these states, he shows, must result 
in rapid rise of air-pressure, which is generally of short duration, 
unless conditions are present which prevent its descent again. 
These variations of pressure are said to be characteristic of 
thunderstorms, and the movements and changes in form of 
L 
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thunderclouds, and the origin of hail and other phenomena, are 
associated with super-saturation and over-coolings. The opinion is 
expressed that much thunderstorm rain has, high up, the form of 
hail or sleet, and the large drops are simply melted hail or sleet 
particles, these forms playing a more important part in thunder- 
storms than is commonly supposed. 

Temperature* 

William Ellis has discussed the mean temperature of the air on 
each day of the year at the Royal Observatory, Greenwich, on 
the average of the fifty years, 1841 to 1890. The values used in 
the discussion are derived from eye observations from 1841 to 
1848, and from the photographic records from 1849 to 1890. 
The mean annual temperature is 49*5®. The lowest winter 
temperature, 37-2°, occurs on January 12, and the highest summer 
temperature, 63-8‘', on July 15. The average temperature of the 
year is reached in spring on May 2, and in autumn on October 
18. The interval during which the temperature is above the 
average is 169 days, the interval during which it is below the 
average being 196 days. ( Quart Jour, Met Soc.y xviii. 237.) 

H. Angot, at the meeting of the French Meteorological Society 
in December, 1891, gave some results of the temperature observa- 
tions made during the year 1890 on the Eiffel Tower at 515 feet, 
646 feet, and 990 feet above the gi-ound. At night the tempera- 
ture increases up to a mean height of about 500 feet, then 
decreases, slowly at first, and afterwards more rapidly ; at about 
1,000 feet the mean decrease of temperature is 1*4® for each 100 
metres or 328 feet. During the day the temperature decreases 
constantly from the gi-ound upwards ; near the earth the decrease 
is slower in winter than in summer. {Annuaire de la Sociiti 
Miiior, de France^ xxxix. 317.) 

B. C. MoBsman contributes a paper to the Scottish Meteoro- 
logical Society on “Silver-Thaw at the Ben Nevis Observatory,” 
The phenomenon of silver-thaw, or rain falling when the air is 
below freezing point and congealing when it falls, is of somewhat 
common occurrence at Ben Nevis Observatory. The phenomenon 
points to an inversion of temperature at the time, so that the 
temperature on the hill-top is considerably lower than at higher 
altitudes. In the six years, 1885-1890, 198 cases of silver-thaw 
were observed, lasting in the aggregate 873 hours, or a mean 
duration of 4| hours for each case. In December, J anuary, and 
February the average duration of each case was six hours, whereas 
during the other months of the year it did not cofitinue more 
than three hours. Silver- thaw was almost wholly confined to 
the winter months ; nearly all the cases occurred from November 
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to March. An examination of the daily weather-charts shows that 
of the 198 days with silver- thaw, the distribution of pressure was 
cyclonic on 137 days, and anti-cyclonic on 61 days. An examina- 
tion of records prepared from observations made at the light- 
houses around our coasts shows that 73 per cent, of the cyclonic 
and 63 per cent, of the anti-cyclonic cases of silver-thaw on Ben 
Nevis were followed or preceded by gales at some of the 27 
selected stations on our northern and north-western coasts. The 
lowest temperature at which this phenomenon took place was 18®. 
It was of rare occurrence below 27® ; fully 90 per cent, of the 
cases occurred between 28® and 31*9®, hence the greater number 
of cases occurred just before thaw. {Jour. Scot. Met. Soc., No. 
viii. 115.) 

A. B. M. discusses the relation existing between the solar sun- 
spot cycle and the air-temperature of the earth. For the enquiry 
the Greenwich temperatures are used from 1812. It is found 
that prior to 1870 the maxima of temperature lag a little, as a 
rule, behind minima of sun-spots, and minima of tempemture 
behind maxima of sun-spots. Since about 1870 the correspondence 
appears to fail. We look for a temperature maximum about 
1879 and we do not find it. With respect to rain-fall it is said 
to be ditficult to trace a very definite relation between it and the 
sun-spot curve. (Mature, xlv. 271.) 

Climatologrical. 

C. Theodore Williams, as President of the Royal Meteoro- 
logical Society, delivered an address on the value of meteorological 
instruments in the selection of health resorts. He drew attention 
to thermometers, maximum and minimum, as the foundation stone 
on which medical climatology rests, and instanced eSects of ex- 
treme cold or heat on the human organism. The direct rays of 
the sun are of the greatest importance, and in health resorts 
should be utilised to the full; in fact, only climates where during 
the winter months even a delicate person can lie or sit for several 
hours a day, basking in the sunshine, are to be recommended for 
most complaints, and the various forms of sunshine-recorders are 
used to aid the medical adviser in the choice of such health 
stations. {Quart. Jour. Roy. Met. Soc., xviii. 154.) 

F. C. Bayard has investigated English Climatology 1881-1890. 
This is a discussion of the results of the climatological observatious 
made at the stations of the Royal Meteorological Society, and 
printed in the Meteorological Record for the ten years 1881-1890. 
The stations now number about 80, but there are only 52 which 
have complete results for the ten years. The author gives 
the monthly and yearly means of temperature, humidity, cloud. 
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and rainfall With respect to mean temperature, the sea-ooast 
stations are warm in winter and cool in summer, whilst the 
inland stations are cold in winter and hot in summer. At all 
stations the maximum temperature occurs in J uly or August, and 
the minimum in December or January. Eelative humidity is 
lowest at the sea-coast stations, and highest inland. The south- 
western district seems the more cloudy in winter, spring, and 
autumn, and the southern district the least cloudy in the summer 
months ; and the sea-coast stations are, as a rule, less cloudy than 
the inland ones. Rainfall is smallest in April, and, as a rule, 
greatest in November, and it increases from east to west. (Quart. 
Jour. Roy. Met. Soc.^ xviii. 21*3.) 

The Weather Bureau of the United States has discussed the 
climate and meteorology of Death Valley, California. The valley 
is situated between latitude 35° 40' and 36° 35' N., and longitude 
116° 15' and 117° 5' W., and is said to lie 100 feet, or more, 
below the level of the sea. It is characterised by excessive heat 
and dryness. The thermometer rises occasionally to 122° in the 
shade, and rarely falls below 70° during the hot season. Obser- 
vations made during the five months from May to September, 1891, 
give a total rainfall of only 1*4 inches. 

The Chief Signal Officer of the United States has published a 
series of 37 charts, showing the absolute maximum and minimum 
temperatures in the United States for decades, and for all years 
combined, compiled from observations taken from 1872 to 1891. 
Also diurnal fluctuations of atmospheric pressure at 29 stations 
in the United States. The tables give the corrections necessary to 
reduce the mean pressure at any hour of the day to the true daily 
mean. It is found that the daily variation in pressure decreases 
with increasing latitude, especially in the winter months. Some 
peculiarities are also noticed in the fluctuations of the principal 
and secondary maxima and minima. 

Rainfall. 

A B. Binnie read a paper at the Institution of Civil Engineers 
which has been printed in the Minutes of Proceedings, vol. cix. part 3, 
on the Mean or Average Annual Rainfall, and the fluctuations to 
which it is subject. The author says, as to the mean or average 
depth of rain which falls at any station, it may be confidently 
asserted that the amount in no way depends on mere geographical 
position as defined by a statement of the latitude and longitude 
of the station, for great variations exist within very narrow 
limits. For instance, in England the mean fall varies from about 
20 inches in the eastern counties up to more than 160 inches in the 
Lake district; in France from about 19 inches at Marseilles to 
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43 inohes at Lampy-Keuf ; in Italy from 23 inches at Palermo 
to 62 inches at Udine ; in India, at Bombay, at the seaJevel, it 
is about 73 inches, at Mahableshwar in the Western Gh&ts, at an 
elevation of 4,300 feet, it is 264 inches, and at Poonah, less than 
70 miles distant, at an altitude of 1,800 feet, it is 19 inches. 

O. J. Sjnnons, in British Rainfall for 1891, gives a statement 
showing the number of records to be as follows : — 


Stations ) 

England 

2091 

Wales 

168 

Scotland 

359 

Ireland 

181 

Gross Total 

2799 

per 100 > 

square miles. ) 

4.2 

2.0 

1.2 

0.6 

2.3 


This shows that Scotland and Ireland are still far behind England, 
so far as available rainfall records are concerned, for while 
England has about one observer for each 25 square miles, Scotland 
has only about 1 to 80 miles, and Ireland 1 to 180 square miles. 
Mr. Symons is still anxious to add to his army of observers, since 
gaps are constantly occurring through removals and deaths. 

Weather and disease* 

A. Buchan investigates influenza and the weather of London in 
1891. The author remarks that the diseases which had an 
increased fatality during the winter influenza epidemic of 1890 
were precisely the same diseases which showed an increased 
fatality during the influenza of the spring and summer of 1891. 
It does not appear, therefore, that during the spring and summer 
influenza of 1891 there was an increased death-rate from those 
diseases whose normal mortality at that time of the year is either 
large or rapidly increasing ; and it seems to follow that the 
diseases complicating or induced by influenza are independent of 
season or weather. In other words, the prevalence and fatalness 
of pneumonia, and the other diseases referred to, during influenza 
epidemics, are due to something quite apart from weather 
influences, and that something belongs to the influenza. {Jour, 
Scot, Met, Soc,y viii. 141.) 

Hon. F. A. Bollo Bussell has discussed the untenability of an 
atmospheric hypothesis of epidemics. He is of opinion that no 
kind of epidemic or plague is conveyed by the general atmosphere, 
but that all epidemics are caused by human conditions and 
communications capable of control. The author admits* that at 
flrst sight there is something in the manner of invasion of 
influenza which seems to suggest a general cause, such as might 
be found in a contamination of the atmosphere, or laige portions 
of it, with living organic dust But examination of the 
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g60grft(>liical dutnbution of the dieeei^ of ita coane through a 
country, a town, or a village, is aufficient to dispel this illusion, 
and to lead to the conviction that in influenza we bare simply an 
example of a hi^^lily infectious maladj of shoH incubation period 
and long striking distance through confined air. 

The dates of the outbreaks in 1890 are given for a large 
number of islands and other places in various parts of the world. 
Like other maladies of high infective capacity, influenza has spread 
most easily, other things being equal, in cold calm weather, when 
ventilation in houses and railway-cars is at a minimum, and when 
perhaps the breathing organs are most open to attack. But large 
and rapid communications seem to be of much more importance 
than mere climatic conditions. {Quart Jour. Roy. Met. Soc.y 
xviii. 124.) 

Oeneral and miscellaneous. 

The Meteorological Council have issued a work, “ Ten Years* 
Sunshine in the British Isles, 1881 — 1890.** The monthly results 
of the working of the Campbell-Stokes Sunshine Recorder are 
given for each month at 46 stations. The tables give the total 
sunshine recorded, and also the percentage of the possible amount 
for each month. The results show : — That the sea-coast receives 
more sunshine than the inland parts of the country. Large 
manufacturing cities like London and Glasgow cannot fairly be 
compared even with stations in their immediate neighbourhood, 
particularly in winter ; possibly all town records are affected to 
a certain extent by smoke. The south and west coast stations, 
and especially the Channel Islands, are particularly favoured in 
almost all months of the year. The east coast of Great Britain is 
comparatively sunny. In the summer and early autumn the 
north-west of Ireland and of Scotland, with the Orkneys, receive 
very little sunshine. In the late autumn Ireland generally 
receives more sunshine than most of England. 

Edward Hawley discusses in considerable detail the valuable 
Phonological observations collected by the Royal Meteorological 
Society. The observers are requir^ to note each year the 
flowering of the same individual trees and shrubs, and in the case 
of herbaceous plants, those situated in the same spots. Returns 
are at present received from 92 observers in England, from 7 in 
Scotland, and from 6 in Ireland. Mr. Mawley remarks that 
additional observers are much wanted in the north of England, as 
well as in all the Scotch and Irish districts. {Quart. Jour. Roy. 
Met Soc.y xviii. 99.) 

W. H. Dinas read a paper at the April meeting of the Royal 
Meteorological Society on Anemometer comparisons. This was a 
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report on a valuable series of experiments which have been 
carried out at the request of the Council of the Society, with the 
view of obtaining a direct comparison of the various anemometers 
in common use, so that some opinion might be formed as to which 
type of instrument is the most suitable for general purposes. 
The anemometers which were compared were : — (1) Kew pattern 
Robinson, (2) self-adjusting' helicoid, (3) air meter, (4) circular 
pressure plate (one foot in diameter), and (5) a special modifica- 
tion of tube anemometer. Most of these instruments are of the 
author’s own invention, as well as the apparatus for obtaining 
automatic and simultaneous records from all the instruments upon 
the same sheet of paper. It appears that the factor of the Kew 
pattern Robinson is practically constant, and is found to lie 
between 2*0 and 2*2, instead of 3 as used at present for the 
records of these instruments. The helicoid anemometer is quite 
independent of friction for all excepting light winds, and different 
sizes read alike, but it is not so simple in construction as the 
Robinson or cup form. The air meter consists of a single screw- 
blade formed of thin aluminium, and made as nearly as possible 
into the exact shape of a portion of a helicoid. A similar instru- 
ment with a larger blade, and with the dial protected from the 
weather, would probably form a useful and correct anemo- 
meter. It would be Hglit, and offer a very trifling resistance 
to the wind. It seems probable that the remarkably high 
values sometimes given by the Osier pressure' plate may be 
due to the inertia of the moving parts. The tube anemometer 
appears to possess numerous advantages. The head is simple in 
construction, and so strong that it is practically indestructible by 
the most violent hurricane. The recording apparatus can be 
placed at any reasonable distance from the head, and the connect- 
ing pipes may go round several sharp corners without harm. The 
power is conveyed from the bead without loss by friction, and 
hence the instrument may be made sensitive to very low veloci- 
ties without impairing its ability to resist the most severe gale. 
{Quart. Jour. Met. Soc.j xviii. 165.) 

Baldwin Latham, as President of the Royal Meteorological 
Society, delivered his presidential address on “ Evaporation and 
Condensation,” on January 27th. It was pointed out that with 
sea-water evaporation is about 4| per cent, less than with rain- 
water, while with water saturated with common salt the evapora- 
tion is 15 per cent, less than with rain water. From observations 
conducted at Croydon it is shown that the average amount of 
water evaporated annually during 1879-91 was 19*948 ina It 
was found, however, that, as a rule, during the period from 
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October to March there were certain occasions when condensation 
was measured. The amount of these condensations in 13 years 
averaged *308 inch per annum. {Quart, Jour, Met, Soc,, xviii. 53.) 

John Aitken read a paper before the Royal Society of Edin- 
burgh, on January 4th, on the number of dust particles in the 
atmosphere of various places in Great Britain and on the Con- 
tinent, with remarks on the relation between the amount of 
dust and meteorological phenomena. The observations here 
discussed were made in 1890; those for 1889 were given in a 
previous paper read on February 3rd, 1890. The Rigi Kulm 
observations show the daily maximum of dust very clearly. 
On all the days, except one, the number of particles was least 
in the morning, and increased greatly as the day advanced, 
owing to the ascent of valley-air on the sun-heated slopes of 
the mountain. The impure air had generally arrived at the 
mountain-top before midday, and by mid-day the number was 
generally three times greater than it was in the morning. A 
comparison is made of the amount of dust at Kingairloch and 
Ben Nevis — as a rule there was much less dust at the high 
station than at the low one, and when the dust increased at the 
low station it also generally increased at the high one, and vice 
versa. Certain relations between isobars and dust are pointed 
out. With regular isobars for westerly and northerly winds the 
air is pure, and the closer the isobars the purer is the air ; whilst 
isobars for southerly or easterly winds, even though close, do not 
indicate pure air. The highest maximum temperatures occur on 
days of high dust, and the lowest minimum when the dust is at a 
minimum. {Nature, xlv. 299.) 

A von Frank, of Graz, explains the floating of the particles 
of cloud or fog by the presence of an envelope of aqueous 
vapour. As an approximate average value for the diameter of 
droplet with envelope he gives 0*7mm. Supposing one cubic 
metre of cloud to hold 3 grammes of water, it is assumed there 
would be an interval of 0*2 mm. between the envelo{)es. When 
clouds pass over the sun, the shadows of objects are perceptibly 
lengthened when the darkening occurs ; this 1s attributed to 
refraction by the vapour envelopes. The envelopes expand with 
heat, and under these conditions the cloud rises. The vapour 
envelopes are said to prevent freezing till the envelope is rup- 
tured. {Meteor, Zeitsch,, 396.) 

A. L. Botch cominutiicates an article on The Mountain 
Meteorological Stations of the United States.” There are at 
present only two summit meteorological stations in operation 
throu^out the year in the United States : these are the Lick 
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Observatory on Mount Hamilton, California, and the Blue Hill 
Observatory in Massachusetts. For many years regular observa- 
tions were made on Mount Washington, the highest of the White 
Mountains in New Hampshire, which has an altitude of 6,280 
feet above the sea. The weather here is probably more severe 
than at any other observing station in the world. On December 
16th, 1876, the mean temperature for the day was — 22®, and the 
wind blew at the rate of 180 miles an hour. In February, 1876, 
the temperature fell to — 50*, and a wind velocity of 184 miles an 
hour was recorded. For 15 years the Signal Service maintained 
a meteorological station at Pike’s Peak, Colorado, at an altitude 
of 14,134 feet, the highest meteorological station in the world. 
{^Amer, Met, Jour.^ viii. 396.) 

Cleveland Abbe writes a paper on “Atmospheric radiation of 
heat and its importance in meteorology.” According to the 
author, a comprehensive study of fluid motions shows that air 
and water alike may be forced to ascend without being warmer 
and lighter, or to descend without being colder and denser, than 
the surrounding fluid. The currents and whirls behind any 
obstacle in streams of air or water are almost wholly independ- 
ent of diflerences of density, and are caused by differences of 
pressure as modified by simple kinetic laws. Prof. Abbe brings 
together practically all the conclusions that have been arrived 
at on atmospheric movements and their relation to radiation from 
the air. {Amer, Jour, of Science^ May, 1892.) 

C. Meldruin read a paper at a meeting of the Meteorological 
Society of Mauritius, on April 7th, relative to the sun-spots, 
magnetic storm, cyclones, and rainfall of February, 1892. The 
photographs of the sun taken at the Royal Alfred Observatory 
from February 5th to 18th showed the very large group of spots. 
The ranges obtained from the magnetic records were the largest 
ever recorded there. Two cyclones were exj)erienced, and there 
was a third about 550 miles south of Mauritius. The rainfall 
for February, as shown by returns from numerous stations, was 
from 4*30 to 16*96 inches above the average. 
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PHYSICAL CHEMISTRY. 

Bt Prof. W. RAMSAY, Ph.D., F.R.S. 

Atomic weig^hts. 

The important ratio of the relative weights of hydrogen and 
oxygen has been redetermined by Lord Rayleigh and by Leduc. 
Lord Rayleigh weighed the two gases in a large balloon, and 
found the density of oxygen relative to that of hydrogen to be 
15*882. Combiiiiiig this ratio with Morley^s volume-ratio, 2*0002, 
O = 15*880, or if 0 = IG, H = 1*0075. (Proc. Roy. Soc., 1. 449.) 
A. Leduc^s numbers are O = 15*905 ( H = 1). He also finds the 
density of nitrogen = 0*9720. {Cotnptes Rendua^ cxiii. 198.) It 
now appears certain that the atomic weight of oxygen must lie 
between 15*87 and 15*90. 

The atomic weight of boron has been determined by J. L H. 
Abrahall, and also by Miss Aston and W. Ramsay. In both cases 
the water in borax was determined, although no great stress is 
laid on the results. Abrahall found B = 10*554 to 10*843 ; while 
Aston and Ramsay obtained the number 10*95 to 11*04. By 
estimating bromine in bromide of boron, Abrahall made 6=10*792 
to 10*838; Aston and Ramsay converted borax into sodium 
cliloride by distilling it with methyl alcohol and hydrochloric 
acid, and found B = 10*936 to 10*992, or, applying a correction 
which appears necessary, 10*997. Abrahall gives no proof that 
his bromide did not conbiin HBr. 

Richards (Proc, Amer. Acad., xxvi 240) has confirmed his 
previous determinations of the atomic weight of copper — viz., 
63*60, and he has also determined the specific heat of aluminium; 
it is expressed by the formula, Q = 0*220 + 0*0001t. The 
atomic heat found varied between 6*0 and 7*7. 

The atomic weight of palladium has been determined by 
O. H. Bailey and Thornton Lamb (Trans. Chem. Soc., Ixi. 745), by 
estimating the metal in chloride of palladammonium. The mean 
of three series is 106*469. 

Moisaan (Annalea [6], xxv. 125) has determined the density of 
fluorine — viz., 18*394, instead of 19. 
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The molecular weight of albumen has been determined by 
gabanfljer and Alerandiw {Jour. Su$$. Soc.j iL 7), the deprettuon 
of the freezing point haring been found. It appears to be not 
less than 14000. Similar experiments with colloids gave mole- 
cular weights of about 30000. 

Oases* 

Diffusion.— mu {Zeitsch. Thys. Chem., ix. 152) has descriM 
some pretty experiments illustrative of diffusion. One consists in 
breaking bulbs of bromine in jars filled with air and hydrogen, 
when the vapour will be seen to rise much more rapidly through 
the hydrogen than through the air. Another deals with the 
diffusion of gas through a porous cell ; while a third is so 
arranged that gases, chiefly hydrogen and carbon monoxide, pass 
through the walls of an iron tube and raise pressure in its interior, 
shown by the rise of mercury in a gauge attaclied to the tube. 
The analogy with the osmotic pressure of liquids is thus illustrated. 

Change of Physical State . — Not long ago Thorpe determined 
the density of hydrogen fluoride, and found that the gas, at low 
temperatures, probably contains molecules of H^F^. An interest- 
ing set of experiments has been made by H. Biltz {Zeitsch. Phys. 
Chem.y X. 354), to see if hydrogen chloride, bromide, and iodide 
exhibit any signs of increase of density at low temperatures. 
Experiments made as near the points of liquefaction of these 
gases as possible gave very little indication of increased molecular 
complexity ; the behaviour of hydrogen fluoride ap{)ears to be 
unique in this group of elementa 

E. H. Amagat {Comptes Rendus^ cxiii. 446) has reinvestigated 
the thermal behaviour of carbon dioxide, giving long tables of the 
constants. The work is evidently very accurate, and will serve 
to test the numerous hypotheses relating to the interdependence 
of 2h % a-iid T. {See also p. 27.) 

JLiquidii. 

Vapour ^pressure and Boiling-point . — 8. Young has continued 
his investigations of the validity of Van der Waals’ formula 
applied to various substances for which the necessary data are 
known. {Proc. Phys. Soc., 1892, 233.) He finds that the state- 
ment, *^lf the absolute tempel'atures of various substances are 
proportional to their absolute critical tempemtures, their vapour- 
pressures will be proportional to their critical pressures,” holds 
only in a very limited number of cases. But somewhat nearer 
results are obtained in comparing their molecular volumes, 
although the deviations from constancy are not within the limits 
of experimental error. The molecular volumes of saturated 



172 


THE TEAR'BOOK OP SOIBNOB. 


VRpour are also not in accord, tliough the discrepancy is relatively 
small. Better results are obtain^ if a comparison is made at 
corresponding pressures than at corresponding temperatures. 

The thermal behaviour of water and steam has been investi- 
gated by Bamsay and Young {Phil. Trana.y 1892). Measure- 
ments are given of the expansion of water with rise of temperature ; 
of the vapour-pressure of water up to 270° C., and of the densities 
of the unsaturated and saturated vapour up to the same limit of 
temperatura The most striking feature of the research is that 
the lines of equal volume are not straight — i.e., the relation 
between temperature and pressure is not a linear one. 

The critical temperature of mixtures has been investigated by 
G* C. Schmidt (Annalen, cclxvi. 266). He has tested the rule laid 
down by Pawlewski, tl^at the critical temperature of a mixture 
may be calculated by the usual law of mixtures. He has failed 
to substantiate this statement after experiments with mixtures 
of ether, benzene, and diethylamine with a number of other 
substances. 

Volume-relations of Liquids . — Last year (“Year-Book’^ for 1891, 
p. 135) G, Hixirichs gave formulae by help of which the boiling-points 
and melting-points of carbon compounds can be calculated. This 
year {Zeitsch. Phys. Chem.^ ix. 81) he developes a theory of 
volumes. A paraffin consists of a prism, containing n identical 
terms OHg, terminated at each end by a hydrogen atom. If h 
is the volume of the group CH^, and h that of the end atom, 
then the molecular volume of a normal paraffin is given approxi- 
mately by the equation, Vj^ = k.n -f 2h. But as each prism 
attracts its neighboui's, its volume is further diminished by a small 
amount; so that the final equation is Vj^ = k.n + 2 (h' + e)^ 
where e = k* {v- n^. The actual volumes of the paraffins are 
reproduced thus with great accuracy. Similar results are obtained 
by the dynamical consideration, “ The molecules of liquids rotate 
round their natural axis, the moment of whose inertia is a 
minimum.” 

Surface-relations of Liquids. — A careful investigation of the 
change in surface-tension of water with temperature has been 
made by B. Weinberg {Zeitsch. Pl^ys. Chera.^ x. 34), which, how- 
ever, adds nothing of theoretical interest to our knowledge. 

H. Landolt and H. Jahn have published a long paper in the 
Zeitschr. Phys. Chem., x. 289, on the relationship between the 
dielectric constant of a number of organic liquids and the constant 
A of Cauchy’s dispersion formula; they find that for hydro- 
carbons the cube-root of the dielectric constant is equal to the 
constant A, but with unsaturated compounds this relation nO 
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longer holds good, the former being always greater than the latter. 
They are not prepared yet to enter into the reasons of this 
difference. 

Solullons. 

Solubility of gases. — L. W. Winkler has continued his experi- 
ments on the solubility of gases, and finds {Zeitseh. Phys. Chem.j 
ix. 171) that the percentage decrease in the coefficient of solu- 
bility between 0® and 20° is approximately proportional to the 
cube root of the molecular weight of the gas. The agreement is 
good in the case of aqueous solutions of hydrogen, nitrogen, car- 
bon monoxide, nitric oxide, and oxygen. The authors believe that 
the real cause of the decrease of absorption with rise of tempera- 
ture is change in internal friction. If m and m! represent the 
internal friction of water, and b and 6' the absorption coefficients 
of a gas at two temperatures, then if M is the molecular weight of 
the gas, (b — V) b={m — m) mi/Jf/A;, or 

The values of k for these gases between O'* and 20** are nearly the 
same ; and the coefficient of solubility calculated by means of this 
constant from the internal friction of water up to 60** agrees very 
well with the experimental numbers. 

C. Bohr and I. Bock {Wied. Ann.^ xliv. 318) have found that 
the coefficient of absorption of hydrogen, unlike that of other gases, 
decreases from 0° to 60“ and rises between 60“ and 100“. The 
decrease is from 0*0203 at 0“ to 0*0144 at 60“ ; and the increase 
from 0*0144 at 60“ to 0*0166 at 100“. 

Solutiom of solids . — Up to the present date no attempt to 
connect the solubility of solids in liquids with the temperature 
has been successful. C. M. van Deventer and H. J. van de Stadt have 
examined the possibility of expressing the relations between the 
solubility and the temperature by a curve corresponding with some 
general formula. Their conclusion is that inasmuch as proportion- 
^ity between heat absorbed during solution and solubility does 
not exist, it is hopeless to attempt to discover a general curve, 
although certain formulas of limit^ application exist which are 
available in special cases. 

Several researches have been made on the solubility of double 
salts, or of salts simultaneously present in solution. One of these 
by F. A. H. Sohreinamakers {^Zeitsch. Phys. Chem., ix. 57) treats of 
the equilibrium of the double salt of lead and potassium iodide in 
aqueous solution. Here there are two systems, in each of which 
equilibrium must occur: — first with three components, HgO, 
Pblj, and KI, (1) water-vapour, (2) the solution, (3) the 
double salt, and (4) Pbig. Sewnd, the constituents (1) (2) and 
(3) again, but for the fourth, KI, This double salt Pbl^, 2KI, 
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2^ HgO, from the author’s experiments, appears to be capable of 
existing in solution over a considerable range of temperature 
without decomposition, and it is the first instance in which this 
has been observed. 

W. Nemst (Zeitsch, Phys, Chem,^ ix. 137) has an interesting 
article on the solubility of mixed crystals. In order to give an 
idea of the progress of theory in this direction it is necessary to 
sketch Van’t HofTs application of the osmotic theory to solida 
Many mixtures, such as alloys and ‘‘ isomorphous mixtures,” may 
be regarded as resulting from molecular interpenetration. But how 
can such solid substances be supposed to exert partial pressure ] 
This is inferred from tlie fact that they flow, although exceedingly 
slowly; for example, hydrogen, dissolved in palladium, diflPuses 
from one part of the metal to another ; carbon at a high temperature 
penetrates porcelain, and so with other instances. It is therefore 
probable that the partial pressure which causes such diffusion is 
analogous to gaseous pressure, as is osmotic pressure. It follows 
that the vapour-pressure and the solution-pressure of solids, if 
foreign bodies be present in intimate molecular mixture, must be 
lowered according to the same laws as those of liquids. The law 
of partition will therefore be valid if a dissolved substance is 
present, in not too great concentration ; it will maintain equi- 
librium with its gaseous or liquid surroundings. If two salts, A 
and B, are present at once in aqueous solution, all proportions 
capable of crystallising together in four states of saturation are 
conceivable, viz. : — 

(1) The two pure salts A and B. 

(2) An isomorphous mixture of A and B. 

(3) An isomorphous mixture and the pure salt A. 

(4) An isomorphous mixture and the pure salt B. 

Sometimes all these conditions are realisable, but in a given 
case only the salt 2, into which all the other systems will pass, if 
sufficient time be given. In the paper alluded to Nernst dcvelopes 
equations for the case of isomorphous salts with water as solvent, 
in which, of course, electrolytic dissociation has to be allowed for. 
He applies these considerations to Roozeboom’s observations on the 
solubility of thallium chlorate containing potassium chlorate, and 
shows that the maximum work obtainable from the expansion by 
a definke fraction of its volume of a gram-molecule of potassium 
chlorate in dilute solid solution in thallium chlorate is approxi- 
mately the same as that obtainable from the expansion of a perfect 
gas at the same temperature by the same fraction. 

Experiments of a similar kind are described by B. Belirend 
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{Ibid,^ 405, and x. 265), and also by Eooseboom (76tc?., x. 146), 
and on partially miscible solutions, by H. Pfeiffer 444). 

Osmosis . — An interesting paper has been published in the 
Zeitsch. Phys. ix. 97, by G. Tammann, on the measurement 

of osmotic pressure. The osmotic pressure of solutions of potas- 
sium nitrate and similar salts has been observed by Pfeiffer, Adie, 
and others to be less than that required by Arrhenius’ theory of 
ionisation. Tammann shows this to be due to the fact that 
copper ferrocyanide, the substance of which the membrane is 
composed, is not perfectly impermeable to the salt (or its ions), and 
thus the observed pressure is less than the osmotic pressure. By 
determining the rate of diffusion of the salt through the mem- 
brane, a correction may be applied, which I’econciles experiment 
with theory. A new method of measuring osmotic pressure is 
also proposed, viz., to place on each side of a membrane solutions 
of different osmotic pressure, and to counterbalance tlie higher by 
external pressure. The process seems to work well. 

Van’t Hoff has applied such corrections to Adie’s results, of which 
a description was given in the ‘‘ Year-Book for 1891, p. 139, and 
has found that they all corroborate his theory. (Ibid., ix. 477.) 

Tammann has also an interesting paper (Ibid.y x. 255) on the 
question as to whether, as asserted by Traube, the permeability of 
membranes to some substances and not to others is caused by a 
kind of filtration, those bodies with small molecules passing, while 
bodies with large molecules are stopped. His experiments render 
such a hypothesis improbable ; and he refers the different behaviour 
to the solubility or insolubility of the substance in the material of 
which the membrane is composed. The amount of water in the 
membrane is determined by the vapour-pressures of the surround- 
ing solutions. If a solution A has a greater osmotic pressure than 
a solution B, water will first pass from B t/O the membrane, and 
then difluse from it to the solution A till, if osmotic equilibrium 
occur, both solutions and the membrane which separate them 
possess the same vapour-pressures. But this can only occur if 
the membrane is permeable, and we are ignorant of the cause why 
one substance 4s able to dissolve another. 

8. ArrheniuB has published in the same journal (x. 51) the 
results of an investigation of diffusion in aqueous solution. When 
an electrolyte (e.g.y alcohol) replaces the water of a salt solution, 
the rate of diffusion into the mixed solvent is less than when 
water alone is used. The formula expressing the influence of the 
non-electrolyte is similar to that which represents the effect of 
the addition of a non-electrolyte on the electrical conductivity of 
an aqueous solution. The addition of an electrolyte is usually 
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to diminish the rate of diffusion, but if hydrochloric acid diffuset^ 
not into water, but into a solution of salt, the rate increases. This 
apparent anomaly is explained on the assumption of electrolytic 
dissociation, and the constants for a number of similar cases are 
calculated. 

Vapour-pressures . — According to the well-known equation of 
Van der Waals, /?=RT/ {v — b) — ajv^^ if pressure, volume, and 
temperature are express^ in terms of their critical values, the 
values of a, J, and E may be given as a=6p^v^ \ 
R^p^v^jtc. Introducing these terms into the original equation 

3 

it becomes, ir=z8rl{3w- 1) ^ if ir=^pfpc ; w=,vlv ^ ; and 

, 

the suffix c referring to the critical constants. Here all reference 
to any specific substance is eliminated, but it is now dear that Van 
der Waals’ equation is not true to fact, nor can it be deduced from 
thermodynamical principles. But L. Natanson assumes it to hold 
where p is vapour-pressure, and to and W the volumes of the 
saturated liquid and saturated vapour, respectively. By means of 
equations involving these terms he calculates orthobaric curves for 
various substances for which data exist, expressing temperature 
and volume in terms of their critical values, and finds that under 
these circumstances the curves do nearly coincide. The extension 
of Van der Waals’ theory to solutions by Masson renders it 
probable that this process is also applicable to solutions. Natan- 
son has constructed orthobaric lines for all pairs of liquids for 
which data are procurable, and has found that when the tempera- 
tures and volumes are given in terms of their critical solution 
values, the orthobars are coincident. This appears to be a new 
support to Van’t Hoff’s theoiy of the analogy between gases and 
solutions. {Zeitsch. Phys. Cbem.^ ix. 26.) 

Further proofs of this analogy are given by P. de Heen {Bull. 
Ac. Belg. [3], xxiiL 136). In studying evaporation he found that 
the amount of liquid evaporated is proportional to the product of 
the maximum solubility and the molecular weight. To test this 
for solutions, cylinders of given wmght of LiOl, NaCl, KOI, KBr, 
KI, and other salts were suspended in the solvent, and were found 
to obey the law. 

Ewan and Ormondy {Chem. Soc., Ixi. 769) have devised a new 
method of determining the vapour-pressure of solutions. They 
determine the dew-point of the vapour evolved, by cooling a silver 
vessel in the space above the solution. Their results agree 
remarkably well with those of other observers obtained by a 
different method. 

Freeziny-potfU of solutions . — M. Baonlt {Zeitsch. Phys. 
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Chem.j ix. 343) has described carefully the means of obtaining 
correct results in deteimining the freezing-point of solution. The 
temperature at which freezing is induced should not exceed 0*5° 
below that to which the thermometer will ultimately rise. Very 
concordant results are given for sugar up to a concentration of 39 
grams in 100 of water. 

L. E. O. da Visser has verified the thermodynamic equation 
L/(S— s)=rfjo/dT.T/J by determining the rise of temperature coir- 
responding to unit rise of pressure of liquid acetic acid, and the 
volumes of one gram of the liquid and the solid ; and lastly, 
the heat of fusion. The value of dpjdT directly found was 
0*02435; and calculated from the volumes and the heat of fusion, 
0*0242. The value of J was taken as 425*5. Perfectly pure 
acetic acid melts at 16*5965 ; the expansion per calory was 
directly determined as 0*003442c.cm. ; and the heat of fusion was 
found to be 46*42 calories per gram. This very careful piece of 
work adds another to the now fairly numerous proofs of the validity 
of the well-known equation. {Inaugural dissertation, Utrecht.) 

Two admirable papers have been contributed to the Chemical 
Society by BEessrs. Heycock and Neville {Trans. Chem. Soc., lix. 936, 
and Ixi. 888). An immense number of experiments on the lower- 
ing of the freezing-points of cadmium, bismuth, and lead by other 
metals have led the authors to the following conclusions : — Three 
different efiects may follow from alloying metals with one another : 
(l)the freezing-point is lowered, as is usually the case ; (2) the 
freezing-point is raised, e.g., by silver in cadmium, antimony in 
tin, antimony in bismuth ; (3) the freezing-point is unaltered, e.g., 
by thallium in lead. In the first of these cases the first portions 
of the alloy which solidify are poorer in the dissolved metal than 
the fluid part. In the second case the portions solidifying contain 
more of the dissolved substance than the liquid portion ; and in 
the third case the liquid and the solid portions have the same 
composition. These facts lend entire support to Van’t HofTs 
theory of solution. The results of Von Bijlert, described in the 
** Year-Book ” for 1891, p. 145, are thus confirmed and amplified. 

The nature of colloidal solutionis. — This subject has been care- 
fully examined by H. Pioton and £. Linder Soc., lx. 114), 

and some interesting experiments have been made by C. E. Linebarger 
{Sill. Jour., xliii. 218). Starting with an attempt to prepai*e 
hydroBulphides, analogous to hydroxides, Picton and Linder found 
that sulphides, prepared by passing a stream of hydrogen sulphide 
through a hydroxide suspended in water, or in some cases by 
adding the solution of a metallic salt to a solution of hydrc^u 
sulphide, formed qumi solutions. In other cases hydrogen 
M 
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fialphidd was passed through water in which the sulphide was 
suspended. Such quazi solutions contain hydrosulphides, which, 
however, are decomposed by a current of hydrogen, leaving a 
clear liquid transparent in thin layers, and depositing no precipi- 
tate on standing. The sulphides of mercury, arsenic, and antimony 
were found to give no depression of freezing-point, thus implying a 
very high molecular weight. Seen under a very powerful micro- 
scope, the sulphides of mercury and arsenic (one variety) contained 
particles of apparently the same uniform size, all in rapid motion. 
With antimony sulphide the particles were invisible, but it was 
possible to detect a moving granulation, and on standing, slow 
coalescence took place, the aggregations gradually becoming 
visible. One form of arsenic sulphide had the property of diffu- 
sion, not possessed by others. All these quasi solutions, if 
examined by a polariscope when illuminated at right angles to 
the direction of the ray, are found to polarise light, implying 
the existence of solid particles. Colloidal ferric hydrate gave a 
fluorescent solution, perfectly transparent by ti*ansmitted light, 
but polarising light completely. But on filtration through a 
porous cell, the filtrate contained no iron. On coagulation with 
a solution of calcium chloride, no heat change took place, and the 
solution was incapable of diffusion. The hydroxides of chromium 
and aluminium showed similar behaviour. On the other hand, 
colloidal silicic acid showed no beam ; and it could be filtered 
through a porous cell. Colloidal molybdic acid, too, showed no 
beam, and passed through a porous cell. 

Cellulose dissolved in Schweitzer^s solution, and soluble starch, 
both gave a beam. A neutral solution of Congo-red with a 
molecular weight of 766 gave a well-marked beam, and refused to 
pass through a porous cell ; an acid solution also polarised light ; 
but an alkaline solution showed no luminous beam, nor did it 
refuse to passthrough a porous pot. With hiemoglobin, which is 
a crystalline substance, the aggregates are large enough to polarise 
light, yet are too large to pass through a porous pot; and Mag- 
dala-red, a much less complex body, showed neither phenomenon. 
Another very curious property of such solutions is that they are 
repelled from one of the poles of a battery as a whole, when ‘‘dis- 
solved ” in some non-conducting solvent, such as pure water or 
absolute alcohol. Arsenious sulphide, for example, is repelled 
strongly from the negative and slightly from the positive pole, 
while Magdala-red is repelled from the positive electrode, but not 
from the negative. The authors are continuing these interesting 
and most suggestive researches. 

Linebarger has measured the osmotic pressure of a solution of 
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colloidal tungstic acid, and finds it to correspond with a molecular 
weight of about 1,700 implying the formula (HgWO^)^. {Zeiischr. 
Phya, Chem,^ ix. 751.) 

The dissolution of a salt in water is now commonly held to 
be accompanied by more or less complete ionisation, that is, 
the metal of the salt separates from the radical ; the metal and the 
radical are named ions, and possess the property of carrying an 
electric current. The rate at which the current passes depends 
on the number of ions per unit volume of the liquid, and also on 
the ease with which they can pass through the liquid. The 
opposition to their passage is caused by the internal friction of 
the liquid. Hence it is obviously a matter of importance to de- 
termine this coefficient of friction. Carl Lauenstein, in Prof. 
Ostwald’s laboratory, has made numerous experiments on the 
friction of the sodium salts of many organic acids, by determining 
their rate of flow through a capillary tube. The influence of the 
substitution of various groups for hydrogen on the internal fric- 
tion is discussed, and compared with the conductivity of the 
solutions. {Ibid., ix. 417.) 

Solids. 

Crystals. — J. W. Betgers has continued his researches on the 
isomerism of crystals {Zeitsohr. Phys. Cliem., ix. 267 and 385). 
In his first paper he describes attempts to influence the form of 
crystals by the presence of foreign bodies, and gives tables show- 
ing the change of form of halides of the alkaline metals, produced 
by causing them to crystallise in presence of urea, ferric 
chloride, chromic chloride, etc. For example, while the presence 
of urea changes the form of NaCl to octah^ra, and of KCl to 
cubo-octahedra, the forms of KBr, KI, NH^Cl, NH^Br, and NH^I 
remain, as usual, cubes. With ferric chloride, NH^Br, and 
change to trapezohedra and octahedra, while all the other 
halides remain unchanged. In his second paper he has tested 
the law which states that chemical analogy is necessary in order 
that isomorphous crystallisation may occur, and also its comple- 
ment, that when complete mixture is observed it may be con- 
cluded that the mixed substances are chemically analogous, and he 
finds that the law is practically without exception. 

That solids may sometimes dissolve solids is an opinion 
expressed lately by Yan’t HoS*. £. A. Schneider has made some 
interesting experiments on the precipitation of barium sulphate in 
presence of ferric sulphate {Zeitschr. Phys. Chem., x. 425). The 
precipitate always contained a constant percental of iron, how- 
ever much ferric sulphate was present during precipitation ; so 
long, of course, as the maximum amount of iron which the 
M 2 
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precipitated barium sulphate was capable of taking up had been 
reached. It was shown that no basic ferric sulphate was thrown 
down, and also that no double salt of barium and iron is capable 
of existence. The details of the proof of this last assertion are, 
however, not given, and it appears to the writer that this 
explanation, though unlikely, is nevertheless not excluded. It 
would be well to strengthen the evidence in favour of the possi- 
bility of solution of a solid by a solid with other examples. 

Expansion , — The expansion of platinum by rise of tempera- 
ture has been carefully determined by Th. Selivanov {J, Rtcss. Soc,, 
ii. 162), and the observations are of importance in view of the 
experiments of J. Joly. The mean linear expansion of platinum 
between the ordinary temperature and 1,700*" lies between 
0*00001011 and 0*00000967. The coefficient of expansion in- 
creases rapidly up to 150*", and above that temperature more 
slowly. 

Melting points (Clvem, News^ Ixv. 1, 16, 30, and 31). — 
J. Joly has devised a most ingenious form of apparatus for 
determining the melting-points of minerals which fuse at a high 
temperature, which he has named a ‘‘ meldometer.” A ribbon of 
pure platinum, 1*2 mms. in width, is stretched between forceps, 
each furnished with a binding-screw, and insulated from each 
other, so that on connecting the binding-screws with a battery a 
current can be passed through the ribbon. Upon the surface of 
the ribbon the substance to be examined is placed. The ribbon is 
stretched in the field of a microscope, and a gi-adually increasing 
current is passed through the ribbon until the mineral or other 
substance melts. The method of estimating the temperature 
depends on the thermal expansion of the ribbon. The increase in 
length of the ribbon is determined by means of a micrometer- 
screw, when a salt of known melting-point is seen to melt on its 
surface, and by means of several experiments of this kind a scale 
is constructed. The instrument gives very accurate results, 
and we may hope by its means to gain much knowledge of the 
melting-points of substances which fuse at a high temperature. 

Change of condition , — Carl Bams l^Amer, J, of Science, xlii. 
125) has made experiments on the continuity of the liquid and 
solid states, similar to those of Andrews on the liquid and gaseous 
states of matter. The substance investigated was naphthalene. 
There exists a critical temperature for solid-liquid where the two 
states merge into each other. The isothermals have the same 
general form as the curves of double flexure suggested for liquid- 
gas by James Thomson, and the unstable portions of these curves 
may be investigated much more easily than the corresponding 
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uDstable portions of the liquid-gas curve. Barns has alsoiucidentally 
found that similar phenomena are observable in the case of gla^ 
and water to those described by Alex^eff, and examined by 
Masson, of which a full account was given last year (** Year-Book,” 
143). It appears that there exists a critical point for solid-liquid 
and liquid-solid solutions like those for liquid-liquid solutions. 

Allotropy, Isomerism, and structure. 

About three years ago Ira Bemsen attempted to account for 
the existence of double halides by the assumption that the halo- 
gens are trivalent, and he predicted that the number of atoms of 
halogen in the halide of an alkali-metal as constituent of a 
double halide would always be equal to, or smaller than, the 
number of halogen atoms in the other constituent. His view was 
that the constitution of such a salt as KF.HF was K— -F = F— H ; 
of CuCl2.2KCl, Cu (Cl - Cl— K) 2 , etc. It is evident that, on this 
supposition, halides such as KF.2HF cannot be represented, 

except with the improbable formulae KF view which 

Remsen himself doubted. His suggestion has proved, on ex- 
amination, not to hold. There are numerous exceptions like 
Cu01.2KCl and CdOl2.4KCl, which prove that the supposed 
law cannot hold good, and with it falls the view regarding the 
constitution of the double halides. (Amer, Cliem. t/., xiv. 81.) 

An ingenious theory has been published by P. A Guye (Dis- 
sertation^ Paris, 1891, also Chem. Centr,, ii. 909). Le Bel and 
Van’t HoflFhave shown that compounds which rotate the plane of 
polarised light possess what is termed an assymmetrical structui'e, 
i.e., they contain a carbon-atom in combination with four different 
atoms or groups of atoms. Such compounds sometimes are able 
to rotate the plane of polarised light to the left, sometimes to 
the right. There must therefore exist some sort of strain within 
the compound, to account for this behaviour. It is possible to 
represent such a strain by a line, the length of which is pro- 
portional to the magnitude of the strain, and the direction of 
which is that in which the strain is applied. The assymmetric 
carbon-atom is conceived as existing at the centre of a tetra- 
hedron, and the atoms or groups with which it is combined are 
imagined at the solid angles of the tetrahedron, their distance 
from the centre, i.e., from the carbon-atom, representing their 
magnitude and the strain which they exercise on the carbon-atom 
and on each other. Now it is possible to replace a group or atom 
of low molecular weight in such a compound, by one of higher 
weiight or greater complexity. And this can be done so as to 
displace the apparent centre of gravity, in such a manner that a 
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body displaying left-handed rotation shall, after the substitution 
has been made, display right-handed rotation. Guye has been 
successful in all cases which he has investigated in accomplish- 
ing this transformation ; and the fulfilment of the predictions, 
which his theory allows him to make, affords a strong presumption 
that the theory is a just one. 

Heats of combination. 

Accounts of experiments in this branch of physical chemis- 
try usually consist of series of numbers. This year there is 
nothing of general interest ; yet it may be mentioned that the 
heats of formation of hydrazoic acid, of hydrazine, and of 
hydroxylamine have been determined. Berthelot has been first 
in determining the heat of formation of hydrazine (— 589K in 
aqueous solution) and of hydrazoic acid (— 616K in solution). 
The explosive properties of these bodies are thus explained. 
(Cfyinjytes Rendus^ cxiii. 672.) 

F. Stohmann has made a long series of determinations of the 
heats of formation of the carbo%drates, a class of bodies with 
which his name has long been associated. Among others he 
has worked with arabinose, xylose, d-glucose, d* fructose, etc. The 
list is a long one ; and a still longer is given in the Zeitschr, Phya. 
Chem,j X. 410, The experiments were carried out in a calori- 
metric bomb, («/. PrakL Chem.^ xlv, 305.) 

The hepto-carbohydrates have been similarly investigated by 
J. Vogh. {Comptes RenduSy cxiv. 920.) 

Spectroscopy and lig^bt. 

Spectroscopy , — Profs. Dewar and Liveing have examined the 
spectrum of liquid oxygen, and obtained the usual absorption 
bands. The blue colour is not due to ozone, because on cooling 
a solution of ozone in oxygen to 181° the mixture exploded, for at 
that temperature ozone is unstable, in accordance with its nega- 
tive heat of formation. This is particularly interesting, because 
it follows from the fact that if a stable body becomes less stable 
as the temperature rises, a body formed with absorption of heat 
must become less stable as the temperature falls. The coefficient 
of refraction of oxygen for the D-line is 1*2236; the density 
at 181° is 1*124; and hence the molecular refraction is 3*382 
(n-formula). Similar constants are given for nitrous oxide and 
ethylene. (Phil. Mag.y xxxiv. 205.) 

T. Ewan has made a series of experiments on the absorption- 
spectra of copper salts. (Phil. Mag.y xxxiii. 317.) His conclusions 
are that the spectra of these bodies undergo alteration of such a 
natitl^ tildt they tend to become identical as dilution increasesi 
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thus confirming the hypothesis of electrolytic dissociation. 
The results cannot be satisfactorily explained on the theory 
of a hydrolytic dissociation, nor on that of molecular aggre- 
gates. Similar experiments have been made by O. Knoblauch 
\Wied. Ann,^ xliii. 738), which lead to the same conclusions when 
rightly interpreted. 

M. Schutze {^Zeitschr, Phys. Chem.y ix. 109) has investigated the 
connection between colour and constitution of compounds. He 
recognises a shifting of absorption from violet to red as in 
general corresponding to the colour-changes, green-yellow, yellow, 
orange, red, red-violet, violet, blue-violet, blue, blue-green, etc., 
as a deepening of the colour ; and a shifting of colour from red to 
violet as a lightening of colour. The introduction of hydrocarbon 
radicals always deepens the colour ; and the elements also deepen 
the colour in the order of their atomic weights. An addition of 
hydrogen always lightens the colour. The nearer the substituting 
group to the chromophore, i.e., to that part of the compound 
which is the cause of the colour, the greater the influence in 
lightening or deepening the colour ; but in some cases the para- 
position has a greater influence than the ortho-position. 

H. B. Baker (Chem. Soc., Ixi. 728) has reinvestigated the action 
of light on silver chloride, and has come to the conclusion that 
the darkening of the chloride is due to the formation in very 
minute quantity of an oxychloride of the probable formula, 
AggClO. He believes tlxis to be the case because silver 
chloride is not blackened when exposed to light in a vacuum, 
nor when in contact only with dry carbon tetrachloride ; and no 
blackening took place in dry oxygen. The black product is 
bleached when exposed for a long time to light, and this, the 
author believes to be due to the formation of a white oxy- 
chloride. (See also p. 192.) 

The structure of flames has been investigated by A Smithells 
and H. Ingle. [Cliem, Soc.y Ixi. 204.) Much light has been thrown 
on what may have appeared to many to be a thoroughly under- 
stood matter, but the authors have shown that our knowledge is 
really very slight. They have devised a sort of Bunsen’s 
burner, in which, by means of two concentric tubes, the flame 
may be divided into two parts, an outer and an inner, by lighting 
the flame at the top of the narrower inner tube, and then pushing 
up the outer wider tube till its end is higher than that of the 

inner one. The flame continues to burn at the top of the 

inner tube, inside the wider one ; and the gases which are pro- 
duced by the combustion burn on escaping at the top of the 

outer wider tube. The first combustion in the inner tube 
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converts coal-gas into carbon monoxide and hydrogen ; and these 
gases bum furtlier to carbon dioxide and water, on escaping into 
the atmosphere and meeting with excess of oxygen. Experiments 
were also made with pure hydrocarbons, such as ethylene, 
methane, pentane, heptane, and benzene. On increasing the 
supply of air the upper flame gradually disappears, and complete 
combustion takes place at the orifice of the inner tube. In a 
further paper (Ibid.^ 237) Smithells discusses the cause of the 
luminosity of flames, which he attributes to the decomposition of 
the hydrocarbons by the heat of the external flame. 

At the meeting of the British Association of which a report 
is given in Nature^ xlvi. 402, Smithells described further ex- 
periments on the same subject. He introduced a spray of cupric 
chloride solution into the gas, and showed that the inner flame 
remained unaltered in appearance, but that the outer flame 
became green. He believes that the spectrum is due, not to 
incandescent gas, but to molecular disturbance accompanying 
chemical change. This contention is supported by experiments 
of E. Pxingsheixn (Wied, Ann.y xlv. 428), who attempted to produce 
a spectrum by means of strongly-ignited sodium. The salts of 
sodium gave no spectrum, but the metal did. The possibility of 
oxidation was, however, not excluded. Pringsheim too believes 
the spectrum to be due to chemical change, and not to incandes- 
cent gas. {See p. 44.) 

The colour of the ions has been investigated by W. Ostwald 
{Zeitschr, Phya. Chem.^ ix. 579), by comparing the absorption- 
spectra of solutions of various series of coloured salts, measuring 
the spectra of the bands, and also photographing the whole 
, fip^c^um. It appears that the spectra of dilute solutions of salts 
‘ yitn tli,e same coloured ion are identical. This was proved for 
the salts of permanganic acid, fluorescin, eosin, iodeosin, dinitro- 
fluorescin, orcinphthalein, its tetrabromo-derivative, rosolic acid, 
diazoresorcin, the chromoxalates, the salts of saf rosin, pararosani- 
line, aniline-violet, chrysaniline, and chrysoidine. 

Klectro-chemistry. 

The conductivity of a solution for electricity depends on two 
things: — ^the number of free ions, such as 01, K, (NOg), etc., 
present in the solution, for it is only they, and not molecules, 
which convey electricity ; and on the resistance to their passage 
oflfered by the solution, i.e., the coefficient of friction. Arrhenius 
{Zeitachr. Phya. Chem.y ix. 487) has investigated the influence 
on the conductivity of non-electrolytes such as alcohol, acetone, 
ether, sugar, eta, replacing water in the electrolytic solution. 
He has found that if the quantity of non-electrolyte added does 



PHTSIOAL CHEMISTRY. 


185 


not exceed 10%, the conductivity of the solution may be expressed 
by the formula e=e ^1 — aaj/2)2, where e is the conductivity, and 
a an empirical coefficient. The diminution of conductivity is due 
to two causes, viz., the increase of fluid friction in decreasing 
the speed of the ions ; and also the efiect of the non-electrolyte 
in altering the ionisation of the dissolved substance. In the case 
of substances which are already much ionised the diminution is 
due almost entirely to the first cause ; and the relation between 
it and the increase of fluid friction may be expressed by the 
formula 1000a = C + 10000'(A— 1), where A is the fluid fric- 
tion (compared with that of water as unity) of a solution with 
1% of the water replaced by the non-electrolyte, and C and C' 
are constants, the same for various groups of electrolytes. Here 
the addition of a non-electrolyte does not appreciably alter the 
amount of ionisation, but when the dissolved substance is only 
slightly ionised the addition of a non -electrolyte not only 
diminishes the speed of the ions, but also their number. 
Arrhenius shows how to correct the observed conductivity of 
a solution for fluid friction, so as to reduce the value obtained 
to that of a liquid whose fluid friction is equal to that of pure 
water. 

The thermodynamics of electrolytic dissociation is the subject 
of a paper by J. J. van Laar {Zeitschr, Phys. Chem,y x. 242); 
although an important subject, it is impossible to give even an 
idea of it here. 

More than a year ago Ostwald published in the Ber, d, Sachs. 
Ges, d. Wiss.^ a paper on chemical action at a distance, which 
has been reprinted in the Zeitschr. Phys. Che7n.y ix. 540. Ostwald’s 
conclusion, shortly stated, is : — If two liquids are able to produce 
ions, one positive, the other negative, a current will be produced 
if these liquids are joined by an indifferent conducting liquid, 
as well as by a metallic conductor. If a solution is able to 
dissolve a metal, but only in presence of a second metal, it is 
necessary that the liquid be in contact, not with the first, but 
with the second metal. For instance, if zinc be placed in a solu- 
tion of potassium sulphate, in a vessel connected by a wet wick 
with another vessel containing a slip of platinum also immersed 
in a solution of the same salt, no action takes place. In order 
to commence the action it is necessary to add acid, not to the 
vessel containing the zinc, but to that containing the platinum. 
Ostwald also showed that if an . oxidising and a reducing liquid 
are placed between unattackable electrodes, an electric current 
may be produced without any separation of a substance at the 
electrodes. 
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W. D. Bancroft has investigated some cases of this kind 
{Zeilschr. Phys, Chem.^ x. 387). Two tubes, each furnished with 
a platinum electrode, and connected by a narrow tube, into which 
two lateral tubes, one from each of the wide tubes, dipped, were 
charged, one with an oxidising solution, the other with a reducing 
solution, and the electromotive force of the cell was measured. 
Jt appears that the differences between the electromotive forces 
of any two oxidising agents is always the same. For instance, a 
solution of chlorine in potassium chloride was placed in the 
one vessel, and one of the following reducing agents in the 
other, SnCU, KOH, NaoS, hydroxylamine and KOH, etc., etc. 
Certain electromotive forces were obtained. Substituting bichrome 
as the oxidising agent, another set is found. The differences 
between the electromotive forces due to the two oxidising 
agents is always the same, no matter what the reducing agent 
is. In this particular case the mean difference '^is 0 603 volts ; 
and the greatest deviations from the mean are 0*601 and 0*607 
volts. The electromotive force is independent of the concentra- 
tion, and of the nature of the electrolytes, so long as they are 
not attacked. 

O. J. Burch and V. H. Vtlej {Phil. Trans. y clxxxii. 319) have 
found that the electromotive force of cells containing nitric 
acid is very small, provided nitrous acid be destroyed by urea 
as soon as it is formed. The high potential of such cells is 
due entirely to the nitrous acid. 

T. 8. Murray {Chem. Soc., Ixi. 10) has investigated the 
products of electrolysis of potassium acetate, and finds the chief 
reaction to be that of Kol be, viz., 2CH3C02=0oHg-f 2000. At 
the same time in dilute solutions the ion decomposes to some extent 
as follows : — 

2CH3CO2 + H3O = CH3CO2H + O. 

W. H. Perkin, sen., has continued his laborious investigations 
on magnetic rotation (Chem. Soc.y Ixi. 800). His object now is 
to determine whether acetyl derivatives contain the carbonyl 
group, CO, or the grouping — CH=C.OH = CH — . The magnetic 
rotation of a great many derivatives of this kind shows that in 
most cases the substance contains the ketonic group, CO, but 
that in certain cases the hydroxyl group is also present, owing to 
isomeric change. 

Allliiity and equillbrinni. 

Are all chemical reactions reversible! Termann and Nemst 
(ZeiUchr. Phys. Chem.y ix. 1) have experimented with metals in 
presence of acids with a view of partially answering this question. 
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For example, they sealed up in a tube some zinc turnings along 
with certain quantities of zinc sulphate and sulphuric acid, and 
measured the pressure at which evolution of hydrogen ceased, 
i.e., at which the action of the hydrogen on the zinc sulphate was 
such as to balance the action of the acid on the zinc. To take 
one instance, a solution contained 0*94 gram of nickel and 
0*07 gram nickel sulphate per litre of water ; the pressure rose 
to 7*5 atmospheres. With 1*52 grams of sulphuric acid and 
0*50 gram sulphate, the pressure rose to 42 atmospheres, before 
action ceased. But experiments in the opposite direction, viz., to 
precipitate such a metal as copper by hydrogen at a high pressure, 
that is, when a comparatively great mass of hydrogen is pre- 
sent, were fruitless. The authors regard their experiments as 
merely preliminary. 

H. le Chatelier has an important paper in the Zeitschr, Phys. 
Chem,^ ix. 336, on the equilibrium of systems with u'liequal 
pressures. He imagines a cylinder with a piston not fitting 
tightly, tilled with a solid in fragments, the interstices being 
filled with a liquid which can escape when the piston is pressed 
into the cylinder. The solid is under a pressure j5, in contact 
with a vapour or liquid under the pressure p. Let V and V' be 
the volumes of the substance in the two states — the temperature 
T is the same for both — the system is supposed to be in equi- 
librium, and the variations of pressure and temperature dj> and 
dp and rfT are to be found which the system can stand, without 
destroying equilibrium. This condition is fulfilled, if it is sup- 
posed that the energy of chemical change is zero, when the 
pressures and temperatures of the system change, without any 
chemical change accompanying them. In this way the relation 
L(5?^/^-t-SNc5p/p=0 is found, where t is the absolute temperature 
of the system, p the pressure in each element, and L the latent 
heat of the reaction (bearing in mind that the initial and final 
pressures are not the same), and N the different latent work of 
each element of the system, the expression for which is A/w, 
where v stands for change of volume. An example is given in 
the lowering of the melting-point of ice by pressui*e. Here we 
have a mixture of snow under the pressure p and of water under 
the pressure p* at the same temperature; and the equation is 
2\%dt + 19*65rf/> — 18rf/>' = 0. The unit of len^h is here the 
centimeter, that of mass the kilogram, and dt signifies the change 
of melting-point If p be made equal to p' then Thompson’s 
formula is reproduced, and the melting-point is lowered by 
0*0075® for a rise of pressure of one kilogram per square centi- 
meter. But if dp is made equal to 0 without dp equalling 0, 
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then the melting-point is lowered by 0 * 091 ® for each kilogram ; 
that is, the change is ten times greater. The same equation is 
applied to ice in presence of its own vapour, and to the solubility 
of ice in some solvent such as salt or glycerine. 

These considerations have a very important bearing on many 
natural phenomena. For example, if finely divided ice or snow 
is in contact with water or some solvent, and submitted to 
pressure, the water or the solvent, when it is pressed in contact 
with ice, will no longer be in equilibrium when it enters the 
empty interstices ; hence ice will be formed there. The fonna- 
tion of ice will progress until the water can circulate no longer, 
that is, until the fragments of ice are compressed into a solid 
block. A similar explanation accounts for the formation of 
marble ; and the author has indeed succeeded in producing 
marble by compressing fragments of calcium carbonate with 
water. (See also Comptea Rendua^ cxiv. 62 .) 

J. A. Barker has investigated the partition of hydrogen 
between chlorine and oxygen, when mixtures of all three gases 
are exploded together. {Zeitachr. Phya, ix. 673 .) He 

has found that the ratio between the products of explosion is 
such that the product of the number of molecules of hydrogen 
chloride and oxygen, divided by the product of the number of 
molecules of water-vapour and chlorine, is constant, and equals 
23 ; or in other words, Guldberg and Waage^s law holds for 
mixtures of hydrogen, chlorine, and oxygen. 

Paul Henry gives an account of his experiments on the action 
of bases and acids on lactones, in converting them into acids. 
{Zeitachr. Phya. Chem.^ x. 96 .) It will be remembered that a 
lactone is a compound of the nature of an anhydride in which 
water is given up by a substance, at once acid and alcohol ; it is 
in fact an ethereal salt in which both alcohol radical and acid 
group are present in the same compound. On treatment with a 
base, it is converted into a salt of a hydroxy- acid. Different 
bases have different powers of effecting the change, and Henry 
shows that their action is proportional to the basic character of 
the reacting body. He also has proved that the influence of 
acids, which cause a similar change, is proportional to their 
coefficients of affinity. 

It has long been known that nitric acid, in acting on zinc, 
liberates oxides of nitrogen, their nature depending on the con- 
centration of the acid, and on the temperature. C. Montemartiiii 
{Gazz. Chim. lUd.^ xxiL 1) shows that neither of the usual type 
of equations is correct. As an example of the first may be 
given : — 2HNO3 + 6H = 2 NO + 4H3O, where hydtx>gen in the 
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nascent state is supposed to remove oxygen from nitric acid, 
converting it into nitric oxide ; the second explanation is, that 
the zinc itself removes oxygen from the nitric acid forming zinc 
oxide, which then dissolves in the excess of acid. But in neither 
case is there enough zinc dissolved to correspond to the amount 
of nitric oxide formed. The author believes that the nitric acid 
is reduced to nitrous acid, and that the nitrous acid then reacts 
with water to produce lower oxides of nitrogen. All metals 
can be divided into three groups, viz., those which yield only 
nitrous acid, NO, NgOj^, and NOg ; those which yield in addition 
NgO, HNO, Ng, and NH 3 ; and those which also yield hydrogen. 
Metals of the first group decompose water, either not at all, or 
only at a very high temperature ; those of the second at a less 
high temperature; and those of the third at the ordinary tem- 
perature. It is with the second, and especially with the first 
group, that water takes part in the reaction. 

A Colefax (^Chem. Soc.^ IxL 176) has submitted the decomposi- 
tion of thiosulphuric acid to careful study. He finds that the 
stronger the solution, the further the decomposition of the 
thiosulphuric acid before a limit is attained; which limit is 
increased by the presence of free acid, and more by HOI than 
by HgSO,. 

The products formed on exploding ethylene with oxygen 
have been studied by B. Lean and W. A Bone {phem. Soc.y Ixi. 
873). When fired with its own volume of oxygen, carbon 
monoxide and hydrogen are produced, as previously found by 
Dalton. With less than its own volume of oxygen, methane is 
formed, and it is suggested that it is due to decomposition of the 
excess of ethylene into methane and carbon. Unsaturated hydro- 
carbons are also formed, possibly by the action of the nascent 
hydrogen on the nascent carbon. 

Diasoeiatioii. 

It is well known that many gases dissociate when heated. 
J. T. Cundall {Chem, Soc.y lx. 1076) has for the first time in- 
vestigated the dissociation of a liquid on dilution, which corre- 
sponds to the rarefaction of a gas ; and also on raising its 
temperature. The liquid examined was nitric peroxide, and the 
diluent was chloroform. The amount of dissociation was 
measured by comparing the colour-change on decomposition of 
N 3 O 4 into NOg. Cundall finds the amount of dissociation to 
be small at first, but to increase rapidly on dilution; and rise 
of temperature also considerably increases the extent of the di^ 
sociation. In a subsequent number of the same journal (bci 
242) W. Ostwald comments on Cundall’s work, and points out 
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that the law of dissociation in the gaseous state is obeyed by this 
solution. The equation fic / (1 —os) = Kv' (where x is the amount of 
dissociated and 1— as the amount of undissociated peroxide ; v the 
volume of unit mass, and K, a constant depending chiefly on the 
temperature). From Cundall’s observations, K is a constant, and 
liquid nitric peroxide obeys the gaseous laws of dissociation. 
But the extent of dissociation in the liquid state is very much 
le.ss advanced, where the volume occupied by an equal number 
of molecules is the same as iii the gaseous state. 

G. Bodlaiider (^Zeitachr. Phya. Chem,^ ix, 730) has investigated 
the behaviour of a solution of silver chloride in ammonia, first as 
reganls the formula of the compound formed. It is thrown 
down by alcohol, in which it is insoluble; and its formula is 
2Ag01.3NH3. Next it gives the usual silver reactions, which 
proves that it is ionised on solution. This view is confirmed by 
the depression of the freezing-point of its aqueous solution, and 
also by its electrical conductivity, as well as by the fact that on 
addition of ammonium chloride or silver nitrate to its solution in 
water its solubility is reduced. It appears, therefore, to undergo 
no dissociation, except of an electrolytic nature, on solution in 
water. 


INORGANIC CHEMISTRY. 

By HAROLD PICTON, B.Sc. 

The present era of chemical discovery seems to be specially one 
for upsetting all our common notions about what we thought 
everyday facts. The reactions occurring in the simplest prepara- 
tions of gases are continually in dispute, the plainest phenomena 
of solution have become mysterious, while substances with the 
most powerful tendency to combine prove, on careful purification, 
to be incapable of combining at all. From our childhood we 
have heard of nitrogen as the most inert of gases, as neither 
** supporting combustion” nor being itself “combustible,” yet 
lately we have had Mr. Crookes showing to the Royal Society a 
flame of nitrogen burning in air, blowing the flame out and re- 
lighting it with a taper. We once thought that chlorine and 
bromine were “ monovalent,” now the difficulty is to know what 
valency they have not. We used to be taught that phosphorous 
oxide (PgOj) was an amorphous powder which combing with 
great energy with water. We now learn that phosphorous oxide 
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(P 4 O 6 ) forms long, radiating, feathery crystals, and only dissolves 
in water with extreme slowness. In this state of the science it 
behoves anyone to wear his ideas in such a way that they may be 
easily cast off, and he will have to watch the fashion pretty 
closely if he is to be in touch with the times. 

In the following pages some of this revolutionising process 
may be watched, and the reader may specially note the work on 
double halides, the action of carbonic oxide on iron and man- 
ganese, combustions in nitric oxide, phosphorous oxide, the 
combustion of electrolytic gases, the constitution of the pei’sul- 
phates, combustion of nitrogen, and chemistry of flames. 

Halogens and halides. - 

Chlorine and its derivatives . — ^The reaction which occurs in 
the ordinary preparation of chlorine from manganese dioxide and 
hydrochloric acid is still in dispute. Vernon’s investigation led 
him, in opposition to Pickering, to the belief that manganese 
tetrachloride forms an intermediate stage in the reaction. (‘‘Year- 
Book” for 1891, p. 158.) Pickering now disputes Vernon’s evidence. 
{Phil. Mag. [5], xxxiii. 284.) He points out that it is impossible 
to recover more than 51*2 per cent, of the dioxide from the 
chloride by decomposing with w^ater, while if the chloride 
MogClg were present the exact yield should be 50 per cent. 
He holds, therefore, that this chloride is formed. The con- 
troversy serves, like many others, to show how imperfect is our 
knowledge about most of the everyday facts of chemistry. 

The action of magnesium on chlorides has been exhaustively 
studied by K. Seubert and A. Schmidt. The action of the metal on 
aqueous solutions of the chlorides, either neutral, acid, or 
ammoniacal, was investigated, as also the action on the an- 
hydrous chloride. The solutions employed contained about 1 per 
cent, of the base. The tendency in the case of the acid solutions 
would, of coui'se, be to effect reduction of the dissolved substance. 
Some of the results of the investigation are given below. 

In Family I. of the Periodic Table, Group A, it is found, 
as might be expected, that aqueous solutions of the chlorides of 
the alkalis are not affected under any conditions. The anhydi*ous 
chlorides, licwever, are at a red heat, and especially in presence 
of hydrogen, r, educed to metal. This, therefore, affords a new 
method for the preparation of metallic lithium, sodium, and 
potassium. 

In Group B the chlorides of copper, silver and gold, are 
readily reduced to metal both in the dry and wet state. From 
neutral aqueous cupric chloride, however, cuprous oxide is 
precipitated. 
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Family IL, Group A. The chlorides of calcium, strontium, 
and barium are not decomposed by magnesium in aqueous solu- 
tion ; the anhydrous chlorides, at a red heat and in a stream of 
hydrogen, are reduced to the corresponding metal, and the more 
r^ily the lower the atomic weight of the metal. This affords a 
new method of preparing the alkaline earth metals. Group B. 
Zinc and cadmium chlorides in acid solution are reduced to the 
metallic state. Mercuric chloride in neutral and acid solution is 
first reduced to mercurous chloride and then to the metal. The 
anhydrous chlorides all yield the metal on heating with 
magnesium. 

Family III. Anhydrous boron chloride yields boron with 
formation of magnesium boride (as previously known). Alu- 
minium chloride heated with magnesium in neutral solution 
precipitates the hydroxide. At a red heat it is reduced to metal 
(a new method for the preparation of aluminium). 

Family IV., Group A. The chlorides of carbon and silicon 
are reduced to the corresponding elements. Group B. Both 
chlorides of tin are reduced to metal in acid solution. Lead 
chloride invariably gives the metal. Neutral stannic chloride 
yields stannic acid. 

Family V. The chlorides of phosphorus, arsenic, antimony 
and bismuth are reduced to the corresponding elements at a red 
heat. In acid solutions the chlorides of arsenic and antimony 
give the element and also its hydroxide. Bismuth chloride yields 
only the metal. 

Family VI., Group A The anhydrous chlorides of chix)mium, 
molybdenum, tungsten and uranium are reduced to metal at a red 
heat. Group B. Sulphur chloride yields sulphur on heating 
with magnesium. 

Family VIL Manganese chloride, as already shown by 
Troost, is at a red heat reduced to metal. 

Family VIII. Neutral or ammoniacal solutions of cobalt 
and nickel precipitate the lower hydroxides. Iron chloride in 
neutral solution behaves similarly. In acid solutions iron and 
cobalt yield metal, but nickel chloride is unattacked. Flatinic 
chloride is always reduced to metal, and all these chlorides are 
reduced at a red heat. {Annalen, cclxvii. 218.) These researches 
complement those of Winkler on the reduction of oxides by 
magnesium, with which they should be compared. Year- 
Book for 1891, p. 162.) 

The action of light on eUver chloride is continually the subject 
oi reseirdi, and is now once more dealt with by H. Brerstoa Baker. 
Ever sinoe the time of Scheele it has been known that chlorino 
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is evolved on exposure of silver cliloride to light. According to 
V. Bibia, the loss of weight of the silver chloride is, however, 
almost inappreciable. (But compare Hitchcock, Year-Book ” for 
1891, p. 161.) The statement of Y. Bibia made it seem probable 
that some combination occurred to neutralise the loss. A series 
of careful experiments was made by Baker, in which he exposed 
dry silver chloride to light in a closed flask filled with oxygen of 
al^ut 130 cc. capacity, absorbed the chlorine by copper gauze 
inserted in the stopper, and determined the chlorine given off* 
the gain in weight of the gauze. To determine the oxygen, if 
any, absorbed, the flask was connected with a bulb dipping under 
water and then opened. Water rushed into the bulb, proving 
absorption of oxygen, and the weight of water in the bulb 
afibrded an accurate clue to the amount of the absorbed oxygen. 
The provisional formula suggested is Ag^ Cl O. On exposing the 
chloride to light under pure carbon tetrachloride its colour re- 
mained unchanged. {Jour. Chem. Soc.y Ixi. 728.) 

These results seem to prove pretty conclusively that the pro- 
duct of the action of light on dry silver chloride in presence of 
oxygen is an oxychloride. On the other hand, Richardson held 
(“Year-Book” for 1891, p. 161) that silver chloride exposed to 
light under water in presence of air darkened without any absorp- 
tion of oxygen. 

Halides of borouy silico^iy and carbon. — A Besson continues 
work on the halides, and has investigated the compounds fonn^ 
by ammonia with boron bromide and iodide. 

With boron bromide ammonia reacts with great evolution of 
heat and some formation of boron nitride. To avert this 
composition both substances must be well cooled. The bromidf) 
is dissolved in carbon tetrachloride, which is afterwards volatilis;^ 
by a current of warm air. The white, amoi^phous solid is 
BBr^, 4 NH 3 . Heated in dry hydrogen it decomposes into borfi#^ 
nitride and ammonium bromide. 

In a similar way boron iodide yields BI 3 SNH^, and this 
a current of dry ammonia absorbs the gas, yielding a liquid pro- 
duct which is very unstable and seems to be BI 3 . I 5 NH 3 . 
{Comptes Rendus^ cxiv. 542.) 

Silicon thiocfdoridey SiSC^, is prepared by Besson by passing 
a current of chlorine saturated with vapour of sulphur dichloiride 
over crystalline silicon heated to bright redness. The liquid pro- 
duct contains the thiochloride, which crystallises in white needles. 
It reacts violently with waW, forming sulphuretted hydrogen, 
hydrochloric acid, and silica. {Comptes Rendus^ cxiii. 1040.) 

The action of bromine on chloroform has also been studied 
H 
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Bauon. Bromine and chloroform are heated together in strong 
sealed tubes, the temperature rising finally to 275°. The three 
chlorobromides indicated by theory are thus obtained, viz., 
CCI3 Br, a liquid crystallising about - 21°, COlg Brg, a solid 
crystallising in fine needles which melt^t 22°, and CCl Br3, crys- 
tallising in transparent plates which melt at 55°. Tlie compound 
CH Brg Cl is obtained at lower temperatures. Further action 
of bromine on this seems to form CBr.. (Comptes Rendus^ cxiv. 
222 .) 

Moissaa has already shown that carbon tetraiodide may be 
readily obtained by the action of boron triiodide on carbon tetra- 
chloride Year-Book ” for 1891, p. 1 59). On exposure, in vacuo^ 
to sunlight this substance decomposes into iodine and yellow glisten- 
ing ne^les of C2I4. The same decomposition occurs slowly in 
difFused daylight. To obtain this iodide in large quantities the 
best plan is to reduce the higher iodide by powdered silver. 
Hydrogen does not act on the new compound even at 200°. 
{Comptes Rendus^ cxv. 152.) 

Double Halides. — Bemsen enunciates a general law with regard 
to the composition of double halides. This is that “when a 
halogen salt of any element combines with a halogen salt of an 
alkali metal to form a double salt, the number of molecules of 
the alkali salt which are added to one molecule of the other 
halogen salt is never greater, and is generally less, than the 
number of haj(^en atoms contained in the latter.” Thus two 
potassium stannochlorides are described by 0. M. Richardson {Amer. 
Chem Jawr.y xiv. 89), viz., SnClg. KCl and SnClg. 2K01. In the 
latter compound we see that the number of molecules of potassium 
chloride is eqvbal to the number of atoms of chlorine in the 
stannous chloride. 

Although a large number of double halides conform to this 
statement, it must be said that the exceptions are too numerous, 
even when we accept Kemsen’s qualifications, to allow of its being 
erected into a general law. As examples, it will suffice here to 
mention the following : — 

CdClg. 4KC1, CdBrc 4KBr, KF. 2HF, KF. SHF, PbCli. 9NaC), 

Pbig. 4KI. 

There are many others. (Oompare Wurtz, The Atomic Tlioory^ 
p. 261, also Armstrong on “Residual aflinity,” and on Valency, 
Natwrcy xxxvii. 303.) 

Oxygen and Oxides. 

Action of carbonic oxide on iron and manganese : — Metals 
obtained from their amalgams by distillation at low temperatures 



INORGANIC CHEMISTRY. 


196 


(260® — 280®) have been shown to be peculiarly active in their 
properties. (Compare Macquenne on the formation of metallic 
nitrides, p. 203.) Qunts has made use of this observation in his 
experiments on the action of carbonic oxide on iron and manganese. 
Iron, prepared as above described, at a dull red heat absorbs 
carbonic oxide rapidly. Carbon is deposited, ferrous oxide (FeO) 
formed, while some carbon dioxide is formed by the reduction of 
the ferrous oxide by carbonic oxide. 

Manganese, similarlyobtained, reacts very rapidly at 400®. 
Manganese oxide, MnO, is formed and carbon deposited. No 
carbon dioxide is formed, for, as shown by Moissan^ manganous 
oxide is not reduced by carbonic oxide (%ee also next section). 

With both metals at very high temperatures the reverse 
reactions occur, the first reaction evolving less and less heat as the 
temperature at which it occurs rises. 

(i) Fe + CO = FeO + C 

(ii) FeO + C = Fe + CO. 

{Comptes Rendiis^c^iv. 115.) 

The above constitutes the first part of Guntz’s work. In 
continuation of his experiments he acts on the active iron 
obtained as before, with carbonic oxide at the ordinary tempera- 
ture, A gas is obtained very rich in iron carbonyl. (Compare Mond 
and Langer, “ Year-Book ” for 1891, p. 166.) On heating to 150® 
— 160® gas is absorbed, and the previously-described reaction occurs. 
(Equation i.) On heating rapidly to 300° carbon dioxide is found 
mixed with the carbonic oxide owing to partial reduction of 
the ferrous oxide. The author points out the bearing of these 
experiments on the theory of the blast furnace. In one zone 
the iron is oxidised by the carbonic oxide and carbon is deposited, 
in another it is reduced and yields carbon dioxide, while in the 
hottest zone the iron unites with the carbon. {B%dL Soc. Chim. [3], 
vii. 278.) 

Gunte also mentions that a deposit of iron oxide is noticed at 
Nancy on gas jets long exposed to the flame. This deposit must 
be formed from iron carbonyl in the gas, this substance being 
formed presumably during the purification of the coal gas by 
means of ferric hydrate. {Ibid, 281.) 

Carbon dioxide, — Continuing his work on manganese CKmts 
shows that in carbon dioxide it I'eacts as follows : — 

(i) 2Mn + OOg = 2MnO + C + 46*3 Cal. 

while we have also Mn + CO = MnO + C + 33*3 Cal. In view 
N 2 
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of these reactions the question arises, Why does carbon reduce 
manganous oxides at a white heat ? €bnd Guntz suggests that at 
that temperature the second reaction becomes exothermic. 

A. d^Arsonyal finds that lique6ed carbon dioxide is a powerful 
antiseptic. At high temperatures it can displace both oxganic 
and mineral acids. Thus uric acid is deposited from urine when 
heated with COg at 40 atmospheres, while at the same pressure 
hydriodic and hydrobromic acids are liberated from solutions of 
potassium iodide and bromide. (Comptea Rendun Soc. 1891, 
320.) 

Silica, — Scheurer-Kestuer shows that in the manufacture of 
glass from alkaline sulphate, carbon, and silica, the probable 
reaction is — 

SNagSO^ + eSiOg + 5C = 3S + 4000 + CO + 3 (NagO. 28i02) 

No sulphurous acid is evolved. {Comptes Rendua^ cxiv. 117.) 

E. Cramer has examined the volatility of silica (previously 
proved by Jefirey). The heat needed is extreme, but in a 
Deville’s furnace 3 grams of silica lose in two hours about 40 
of their weight. This is at a temperature at which platinum 
boils. {Zeitsch,/. Angew. 1892, 484.) 

Nitric oxide . — Interesting experiments have been made by 
Sehatier and Senderens on combustions in nitric oxide. Metals 
which remain unchanged in air do not seem to be oxidised by 
nitric oxide. Thus silver, platinum, mercury, and aluminium are 
not acted upon by the gas at high temperatures. In their first 
experiments the agthors found that copper, iron, cadmium, and 
zinc become superficially coated with oxide at a dull red beat. 
Lead is more readily attacked. In these experiments the metals 
were used in a massive form. 

Finely-divided metals obtained by reduction of the oxides 
behave differently. At temperatures at which nitric oxide is 
quite stable many of them are converted into oxides, usually 
different from those formed in air. Thus, reduced nickel glows 
at 200'* and is converted into the yellow-green monoxide. Iron 
bums at 200® and yields the grey monoxide. Copper oxidises at 
200® and is converted in cuprous oxide, CugO. Spongy palladium, 
saturated with hydrogen, has in the cold no appreciable action. 
At 200® it bums with formation of water and ammonia, but the 
metal is not oxidised. 

Metallic oxides will also bum in nitric oxide. Thus Tungsten 
dioxide (WOg) glows below 500® and pelds the sesquioxide WgO^. 
In air the prc^uct would be the trioxide, WO3. Uranium di- 
oxide, UrOg, yields Ur^Og. In air the product would be UrgOe^ 
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Molybdenum sesquioxide, Mog^Oo, yields the dioxide MoO^, while 
in air the product would be MoOg. Titanium sesquioxide, Ti^Og, 
without glowing, yields TiOg. Stannous oxide, SnO, yields 
stannic oxide, SnOo. Cuprous oxide remains unchanged. Vana- 
dium sesquioxide, change below 500**. In air it 

readily yields VOo. (Comptes Rendus^ cxiv. 1429.) 

The authors al^ show that on higher oxides nitric oxide can 
act as a I'educing agent. For thermo-chemical reasons we should 
not expect the oxides of mercury, copper, iron, or zinc to be re- 
duced. But silver oxide (AggO), chromium trioxide (CrOg), and 
lead dioxide (PbOg) are reduced. The reduction begins in the 
case of chromium at the ordinary temperature, with silver at 
170° and with lead at 315°. Manganese dioxide is reduced at 
400°. 

Nitric oxide reacts with the following oxides in presence of 
water to form nitrites, viz., BaO^, PbOg, MnO^, AgoO. {Comptes 
RenduSy cxiv. 1476.) 

Sebatier and Senderens have also examined the action of 
nitric peroxide, NOg, on oxides and metals. The oxides, when 
acted on, yield higher oxides. Thus MnO is converted into 
MugOg, while WOg yields WOg at about 300°. Some metals 
are oxidised, as, for instance, zinc, lead, iron, while others combine 
directly with the nitric peroxide to form what seems to be a new 
and interesting series of compounds. Thus reduced copper yields 
CugNOg, a substance of a chestnut-brown colour. It I'eacts with 
water with production of nitric oxide and copper nitrate, while 
some metallic copper is left. Heated in nitrogen the substance 
loses nitric peroxide. Cobalt forms a similar compound, CoNOg. 
These substances are nitro compounds, not nitrites ; that is to say, 

their probable constitution is M — N not M — O — = O. 
{Compies RenduSy cxv. 236.) 

F. Emidki has made a number of observations on nitric oxide. 
He finds that it is not wholly decomposed by the highest tempera- 
ture of a Fletcher’s tube oven, but at the very high temperatures 
obtained by electrical ignition of platinum nets it is completely 
resolved into nitrogen and oxygen. He also states that nitric 
oxide and oxygen react even after the most careful drying over 
phosphorous pentoxide. Continuing the investigations of others 
he finds that nitric oxide reacts with potash slowly, especially 
when heated (125®), according to the equation 6NO + 4KOH 
Ng + 4KNOg + 2HgO. {McnaUik, xiii 7886, 90.) 
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Phosphorous oxide . — An allusion to the important work of 
TluNrpe and Tatton on this oxide has been made in the introductory 
note. The first section of their work was published in 1890 
{Jour. Chem. Soc., Ivii. 545^ while it was completed at the close 
of last year. ( Vide Year-Book” for 1891, p. 176.) During their 
work on phosphoi*ous tetroxide (PgO^) the authors had noticed 
the occurrence of a sublimate of long feathery crystals volatile 
in a current of nitrogen or carbon dioxide below 100°. To 
obtain these crystals in quantity a fairly rapid current of air is 
passed over pliosphorus contained in a combustion tube, the 
products passed through a tube kept by a jacket at a tempei*ature 
of about 60°, phosphorus pentoxide filtered off by a plug of 
glass wool and the above-mentioned substance condensed in a U 
tube surrounded by a freezing mixture. This crystalline product 
melts at 22*5° and boils at 173*1°. Analysis shows it to be 
phosphorous oxide. The vapour density, determined by Hofmann’s 
method, was found to agree closely with the formula P 40 g. Its 
constitution is thus analogous to that of arsenious and antimo- 
nious oxides as ascertained by Victor Meyer. The solution in 
lienzene gave, by Baoult’s method, the same result. The oxide is 
stable up to 200°. At 440° it is wholly decomposed according 
to the equation 2 P 40 g = SPgO^ + Pg. The atomic volume of the 
phosphorus in the oxide (assuming the oxygen atoms to be singly 
link^) is found to be 20*9, being identical with that observed 
with phosphorus in the free state. Other physical properties 
were also examined. The action of water on either the solid 
or liquid oxide is, quite contrary to previous descriptions, ex- 
ceedingly slow. After several days hardly any change is 
observed, but on long standing the oxide completely dissolves : — 

P^Oe + GH^O = 4H3PO3. 

When the water is heated the reaction becomes very energetic. 
Alkalis act upon the oxide in a manner similar to water. With 
absolute alcohol the oxide reacts very energetically, the product 

/OC3H5 

being diethylphosphorous acid, P < OOoH. The oxide is spon- 

\OH 

taneously oxidised on exposure to air, no formation of ozone 
being observed. The authors consider this supports the view 
that the formation of ozone during the glow of phosphorus • is 
due tp the dissociation of the oxygen molecule, as under : — 

o + 03*03 
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while with the phosphorous oxide we have 

^4^6 ~ 2^5 

iu which no dissociation need occur. {Jour, Cliem, Soc.^ Ivii. 545.) 
In their second paper the authors have further examined the 
properties of the oxide. Light acts upon the oxide as ordinarily 
obtained, a separation of red phosphorus occurring. Certain 
specimens, however, were much more slowly acted on, while one 
is mentioned which after twelve months’ exposure remained unacted 
on. Bromine reacts with the oxide with production *of phos- 
phorus pentabromide, while the final reaction produces phos- 
phorus oxybromide and metaphosphoiyl bromide : — 

P^Og + 4Br2 = 2PO Brg + 2P02Br. 

This reaction is similar to that occurring with chlorine. Iodine 
only acts very slowly and with production of P 2 I 4 . The action 
of sulphur is particularly interesting. The two substances are 
heated together in an atmosphere of carbon dioxide, and at IGO** 
a very violent reaction occurs and feathery crystals of the new 
compound, phosphorus sulphoxide, P^O^S^, are produced. This 
is a white solid melting at 102** and boiling at 295**. The 
vapour density accords with the formula, P^OgS^ ; the substance 
is therefore not a thio-derivation of the pentoxide (P 3 O 3 S 2 ), but 
an additional compound of the phosphorous oxide with sulphur. 
It reacts with water as follows : — 

PAS^ + GHgO =4HP03 -f 4 H 2 S. 

Ammonia acts energetically upon the melted oxide, apparently 
forming the hitherto unknown diamide of phosphorous acid : — 

This research is of peculiar interest, as showing that exact in- 
vestigation of the properties of substances most familiar to the 
chemist still yields wide tracts of undiscovered countiy to the 
explorer. (Jour. Chem. Soc., lix. 1019.) 

Action of sulphur on metallic oakdes. — J. B. SendertBS has 
investigated the action of sulphur on metallic oxides and salts. 
His results can be arranged \mder three heads. (1) On boiling 
the solution of an alkali or an alkaline earth with sulphur the 
following reaction occurs : — 

3M"0 + «S + HaO= 2M"S,_+ SjOgM" + HgO 

(2) In the case of other metallic oxides, more variety dit^ys 
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itself. When mercuric oxide is i^ubbed with sulphur it ignites with 
formation of mercuric sulphide, sulphate, and sulphur dioxide. 
Similar results ai*o obtained with chromium trioxide. Water 
Stops the reaction in the cold. 

Silver oxide boiled with sulphur in water reacts as follows : — 

(i.) 4Ag20 + 4S=3Ag,S+Ag2S04 

(m) 3Ag2SO,+ 4S=3Ag2S + 4SO,. 

CupHc and cuprous oxides act similarly. With the oxides of 
mercury, lead, bismuth, nickel, cadmium, the reaction only goes 
through the first stage, however long the boiling be continued. 
The oxides of zinc, iron, and tin are not attacked. 

(3) With salts the following results are obtained : — Sulphates, 
nitrates, and chlorides of the alkalis are not attacked by boiling 
with sulphur. Acetates are slowly attacked. Alkaline car- 
bonates give polysulphides, thiosulphate, and carbon dioxide. 
But the reverse reaction goes more easily : — 

+ H2CO3 = K2CO3 + HgS + 

The carbonates of the other metals act like the oxides towards 
sulphur. 

Carbonates and silicates of the alkalis and the alkaline earths 
are decomposed, and ordinary finely powdered glass yields on 
boiling with water and sulphur sulphuretted hydrogen and thio* 
sulphate. 

(4) Sulphur has no action on water, the observations of others 
to the contrary being due to action on the glass vessels used. 
{Bull. Soc. Chim, [3], vi. 800.) 

Electrolytic gases . — Victor Meyer, in conjunction with Krauio, 
Freyer, and Askenasy, has made an interesting series of experiments 
on the combination of electrolytic gases. Combination may occur 
slowly at low temperatures, oi* rapidly and finally with explosion 
at high ones. But the rate of combination is found to depend 
very greatly upon the surfaces with which the mixture is in con- 
tact Thus when moist electrolytic gases are heated in glass 
vessels over mercury at 305** for 1 — 2 weeks the combination 
occurring is almost complete. In absence of mercury, however, 
the rate of the reaction is much modified, and not much water is 
formed till a temperature of about 618® is reached. A bath of 
boiling zinc chloride (730®) causes explosive combination. 

It is found that bulbs containing pure dry or moist electro- 
lytic gas can be sealed without danger when the capillary tube 
does not exceed ^ to ^ mm. in internal diameter. In the case of 
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the moist gas a flame is observed to pass along the oapillaiy, but 
it goes out before reaching the bulb (being cooled down by the 
surrounding glass). 

Endeavours to obtain definite quantitative relations between 
the rates of combination at different temperatures have at present 
proved futile. This is owing to the extraordinary amount of 
influence exercised by the surfaces with which the gases are in 
contact. Thus, on using bulbs the inner surfaces of which are 
coated with silver, 70 per cent, of the electrolytic gases combine 
in two hours at so low a temperature as 183°, while complete 
combination occurs at *21 8°. Owing to slight differences in their 
surface action it is impossible to get glass bulbs that are com- 
parable, and no constant results have as yet been obtained. The 
experiments are still in progress. {Anncden^ cclxiv. 85 ; Berichte^ 

xxiv. 4233 ; Berichte^ xxv. 622; Annalen^ cclxix. 49.) 

Sulphur and its derivatives. 

Action of auliihuretted hydrogen on metallic compounds . — As 
already stated in the introductory note, we are now becoming 
accustomed to find that reactions between pure substances will 
not take place. Veley has shown that a mixture of dry sul- 
phuretted hydrogen with dry carbon disulphide does not act on 
titanium sesquioxide (TigOg), though under ordinary circum- 
stances titanium sulphide would be found. B. E. Hughes has 
extended these observations, and finds that dry sulphuretted 
hydrogen has no action on magnesia (MgO) between 15° and 
40° C. With ferric oxide the absence of action is not so com- 
plete. Lead acetate paper, however, which affords the most 
delicate test for sulphuretted hydrogen, being blackened by the 
smallest traces of the gas, remains quite white in perfectly dry 
sulphuretted hydrogen. The presence of the smallest amount of 
moisture causes immediate blackening. Hughes obtains similar 
results with the salts of arsenic, sino, c»dmiuiEi» bismuth, antimony, 
silver, copper, mercury, and cobalt. {FhiL Mag. [5], xxxiii. 471.) 

Hughes and Wilson have also shown that dry hydrochloric 
acid has practically no action on potassium carbonate or witherite. 
(PhU. Mag. [5], xxxiv. 117.) 

Stdphur oxides. — Merits Traube has repeated his experiments on 
sulphur holoxide ” (“ Year-Book ” for 1891, p. 169), and reasserts 
his belief in the existence of the oxide SO^ upon which doubts had 
been cast by Berthelot and by Marshall. He considers his results 
reconcilable with theirs on the supposition that, in presen^ of 
alkali, SO^ unites with sulphuric acid, yielding H^S^Og. {Berichte^ 

xxv. 96.) . 

The persulphates . — From experiments on the electrical con- 
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dactivity of its solution, Marshall concluded that the molecular 
formula of potassium peraulphate was KSO 4 . Richard Loewen- 
herz has more recently determined various physical properties of 
the solution, and arrives at the conclusion that the molecular 
formula of the salt is probably KgS^Og. First of all he takes the 
depression of the freezing point wliich gives a molecular weight 
of 104. Now K^SgOg = 270, and KSO^ = 135. If KgS^Og be 
supposed to dissociate completely into K, K, SgOg, the depression 
of the freezing point caused by the three ions would, according to 
the oi'dinary rules, be treble that caused by the undissociated 
molecule. If, then, we calculate the molecular weight as if no 
dissociation had occurred (the method adopted), this would yield 
the number = 90. The depression caused by the molecule 
KgSgOy may therefore be such as to yield a molecular weight 
varying between 270 and 90. Similarly the molecule KSO 4 
might appear as having any molecular weight between 135 and 
6 7 ’5. The observed number 104 might thus b <5 obtained with 
either K 2 S 20 g or KSO 4 , and does not decide the question. 

The relative proportions of dissociated and undissociated mole- 
cules may be deduced from Van’t Hoft**s formula : — 

For K„S.,0« i = = 2-60 

- - o 104 

1 

ForKSO^ ini =1-30 


Moo 


But i may also be deduced from the electrical conductivity. 

A 1 per cent, solution gives a = 92*0. Marshall found 



and i = 1 + (n - l)a; where n = number of ions. 

Now, for KgSgOg n = 3, i =2-30, calculated from freezing 
point 2'60. For KSO 4 n = 2, i = 1'65, calculated from freezing 
point 1*30. In the first case the difference between the two 
values of i amounts to 11*5 per cent., in the second to 21*2 per 
cent. The author therefore concludes that KgSgOg is the more 
probable formula. 

In a redetermination with a 1 *5 per cent, solution he obtains 
the following numbers : — molecular weight calculated from 
depression = 113. 

From depression. From mol. conductivity. Difference. 

i for 2’39 2*24 7 per cent. 

iforKSO^ 1'19 r62 36 per cent 

(Chemiker Zeitwng, xvL 838.) 
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IVItrogen and.compomids eoiitaiiiln§: nilroveii* 

Combustion of nitrogen. — To many readers it will seem 
startling to speak of a flame of burning nitrogen, yet at a very 
high temperature nitrogen will unite with the oxygen of the air 
and hum. At the Soirte of the Royal Society on June 15 
Crookes showed the combustion of nitrogen by passing an electric 
current of 65 volts and 15 amperes, alternating 130 times a 
second, through the primary of a large induction coil, when an 
arching flame, consisting chiefly of burning nitrogen, issued from 
each of the secondary poles, meeting in the centre. The poles when 
the flame is started can be drawn apart to a distance of 212 mm. 
The flame is easily blown out by the breath and can be relit by a 
taper. The spectrum of the flame shows no lines. Its tempera- 
ture is above the melting point of platinum. During the com- 
bustion strong odours of nitrous acid are perceived. Owing to 
the very high igniting point the flame does not spread, or it 
would involve the whole atmosphere, and the world would be 
deluged in a sea of nitric acid. [Cftem. News^ Ixv. 301.) 

Formation of metallic nitrides. — Maquenne has shown that on 
treating amalgams of barium or strontium with nitrogen at a 
dull red heat, and finally expelling all mercury at a bright red 
heat, nitrides of barium and strontium are obtained with the 
probable forinulse N^Ba^, N^Sr^. The barium nitride at a dull 
red heat reacts energetically with carbonic oxide with production 
of baryta and barium cyanide. Strontium nitride yields under 
similar circumstances only a trace of cyanide. IComptes Rendus. 
cxiv. 25, 220.) 

V. Lepel has also experimented on the oxidation of nitrogen by 
the electric spark. He finds that the first product is nitric oxide, 
which is then converted into nitrogen peroxide (NO^) by absorp- 
tion of oxygen. This reacts with water : — 

SNOg + 2H20 =s2HNOj+ no. 

The oxidation reaches a limit when the decomposition of the 
oxidised products NO and NO^ by the spark equals their rate of 
formation. {An. d. Physik und Chim.^ xlvi. 319.) 

Amide and Imide of Sulplmric Acid. — Wilhelm Traube has 
examined the compound first obtained by Begnault by the action of 
ammonia on sulphuryl chloride dissolv^ in an indifferent solvent 
{e.g.j chloroform b The product when extracted is a syrup which 
is probably sulpncunide, 80^ (NH 2 ) 3 , the diamide of sulphuric acid 
SO 2 (OHjIj. With some metallic salts this substance yields 
amorphous precipitates. The aqueous solution treated with 
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ammoBiacal silver nitrate yields the specially interesting silver 
compound. When this is heated ammonia is evolved and (at a 
temperature of ITO** to 180"*) the new compound silver sulphimide, 
S 02 =:NA^, the silver salt of the imide of sulphuric acid, is 
formed. It crystallises from acidulated water in long needles. 
{Berichtej xxv. 2472.) 

Boron and its derivatives. 

Jilementary boron . — Hoissan has published a series of papers on 
tliis element. In the first of them he states that no boron has yet 
been obtained in a state of purity. By whatever metal or 
metalloid we reduce its oxide this substance forms an impurity 
in the liberated boron. So, too, when obtained by the method of 
Berzelius (by the action of potassium on potassium boro~fluoride) 
the element contains metallic derivatives. In his next paper 
Moissan says that by reducing boron trioxide (boracic acid) with 
inmfficient magnesium, and by a long series of extractions, we 
obtain amorphous boron containing 98*3 per cent, of the element. 
The purified boron is a chestnut-brown powder, not melted by 
the heat of the electric arc and with a very low conductivity. 
At 700® it bums in air. In oxygen it burns with extreme 
brilliancy. It reacts with sulphur at 610, with selenium at 
higher temperatures, while tellurium only combines with it on 
ignition. Chlorine unites with it at 410®, bromine at 700®, iodine 
not at all. Nitrogen combines with it slowly at 900®, quickly at 
about 1230®. Alkali metals do not unite with it, magnesium 
combines at a dull red heat. Sulphuric acid reacts at 250® with 
production of SO^. Hydrofluoric acid only reacts at a dull red 
heat, hydrochloric acid at a bright red beat. Boron reduces water 
above a red heat. Nitrous oxide at a dull red heat reacts witli it, 
yielding the nitride BN and the oxide BgOj. Nitrogen peroxide, 
NOg, does not attack it. Metallic fluorides are rapidly attacdced 
by l^ron. If boron be drop|)ed into molten potassium chlorate 
a blinding flash of light occurs. Potassium permanganate is 
reduced by it in the cold, while the chlorides of palladium, 
platinum, and gold are reduced to metal. {CompteB Rendus^ cxiv. 
319, 392, 617.) 

Boron derivatives. — {See also under Halides,” p. 193.) Moistaa 
obtains the phosphoiodide, BPI^ by the action of phosphorus in 
carbon bisulphide on boron triiomde. By hydrogen this compound 
m reduced to BPI and thence to the phosphide, BP. {Comptes 
BenduSt cxiii. 624.) 

The sulphide, B^S^, is prepared by Moissan by acting with 
sulphur on the iodme above 440*, or by acting on amorphous 
boron with sulphur vapour at 1200®. The iodide in carbon 
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bisulphide reacts with sulphur at 60*"^ forming B^Sg. {Camptes 
RenduSy cxv. 203, 271.) 

A new element. 

Indications of a possible new element in an Egyptian mineral 
have been obtained by H. Droop Richmond and Hnssela Off. A 
fibrous alum sent to them by Johnson Pasha proved to contain an 
element giving novel reactions. Among these may be noticed 
the following : — White precipitate with sulphuretted hydrogen in 
presence of acetic acid (compare zinc). White precipitate with 
ammonia, insoluble in excess (difierence from zinc, resemblance to 
beryllium). White precipitate with ammonium oxalate (compare 
calcium). The element seems to belong to the family beryllium, 
strontium, calcium, and barium. It also resembles zinc, which 
occurs in the second division of this family. By precipitating as 
oxalate, and determining loss on ignition, the atomic weight, if the 
element be monovalent, was found to be 1 14, if divalent 228. Now 
a vacancy occurs in the periodic table in the first division of the 
above family for an element with atomic weight 225, and the 
authors are inclined to think that they have found this missing 
element, just as other elements whose existence Mendel^eff and 
Newlands predicted have already been discovered. They propose 
to call the new element masritcm. {Jour, Chem, Soc.y Ixi. 491.) 

Cbemiatry of flames. 

The interesting work done by Smithells and Ingle on this 
subject was referred to in the “Year-Book^’ for 1891, p. 175. 
Vivian Lewes early in 1892 contributed work on this subject. 
He shows (in harmony with Landolt) that the first constituent 
of the gas to burn is hydrogen, while the saturated hydro- 
carbons diminish rapidly, but the unsaturated hydrocarbons very 
slowly till the luminous zone is reached. He also shows that 
the proportion of acetylene present in the unsaturated hydro- 
carbons increases as the gases pass from the interior to the top of 
the inner non-luminous zone^ at which point the acetylene consti- 
tutes over 70 per cent, of the imsaturated hydrocarbons present. 
The gases were drawn ofi* by means of a small platinum tube, 
2 m.m. in diameter. 

It is heat alone which causes the decomposition of the 
unsaturated hydrocarbons into acetylene. This the author shows 
by passing gases, such as ethylene, ethane, methane, through a 
fine platinum tube heated to 1000'', having first shown that the 
surface action of the platinum is not important. That ordinaiy 
coal gas contains so very small an amount of acetylene the author 
considers to be due to the comparatively low temperature oi ^ 
gas within the retorts (700''-800*). Oil gas obtained from Russian 
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petroleum is shown to contain more acetylene when the distilla- 
tion is carried on at higher temperaturea 

Lewes considers that in a luminous dame the gases rise in the 
inner zone till, at its apex, at a temperature of about 1000 '*, some 
of the hydrocarbons are converted into acetylene, carbonic oxide 
and hydrogen being also formed. Passing on, the carbonic oxide 
and hydrogen bum, while the acetylene is decomposed by the 
heat (1100‘*“1300° odd), solid carbon being liberated, which is 
I'endered incandescent and burns. According to this theory the 
whole of the luminosity of a gas dame is dependent upon the 
formation of acetylene. 

The edfects of diderent diluents are also examined. In the 
destruction of luminosity the s])ecific heat of the diluting gases 
is found to play an important part, and for this reason carbon 
dioxide has a powerful effect owing to its high specific heat, by 
reason of which it abstracts more heat from the dame. But an 
inert gas also retards the separation of carbon, as was shown by 
passing mixed gases through heated tubes. The formation of 
acetylene is also retarded by dilution with inert gases. An active 
gas, such as oxygen, renders the hydrocarbons non-luininous 
by burning up tefore acetylene is formed. It will be obvious 
that in the case of an ordinary non-luminous Bunsen dame theso 
various effects combine. {Jour. Cliem. Soc., Ixi. 322 ; see also 
p. 183.) 

Miscellaneous. 

Cyanide of arsenic has been prepared by Moissan by the action 
of iodide of cyanogen on finely-powdered arsenia The cyanide. 
As (CN )3 forms pale yellow crystals, which are at once decomposed 
by water : 2 As {CN )3 + 3 HoOss A 82 O 3 + 6 HCN. {Comptes 
RenduSy June, 1892.) 

A compound of gold and cadmium^ AuOd, has been isolated 
by Hayoodc and Neville. Last year they observed that the 
depression of the freezing point of tin by the simultaneous intro- 
duction of gold and cadmium was considerably less than tho sum 
of the effects which each of these metals would produce separately. 
It was suggested that the difference was due to combination 
between the gold and cadmium, and this suggestion is now proved 
correct. The authors now prepare the alloy AuCd by melting 
excess of cadmium with gold in a vacuum tube. Combination 
occurs, the gold becoming incandescent. The excess of cadmium 
is then distUled off. Hot nitric or hydrochloric acids dissolve tlie 
cadmium, the gold being left unattacked. {Jour. Chem. Soc.^ 
IxL 914.) 
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I.^rATTY COMPOUNDS. 

By HABOLD PICTON, B. Sc. 

• Hydroearbons. 

Behaviour of ethyleiie on explosion with oxygen, — B. Lean and 
W. A. Bone have investigated the reactions occurring when 
ethylene is exploded with varying volumes of oxygen, with a 
view to determining the effects of its incomplete combustion. 
This subject occupied Dalton so long ago as the first decade of 
this century, but the whole subject of the incomplete combustion 
of hydrocarbons still forms a little-known country (see under 
“Chemistry of Flames,” pages 205, 206). From their results 
Lean and Bone deduce the following conclusions: — (1) When 
ethylene is fired with its own volume of oxygen, the final products 
are carbonic oxide and hydrogen, C.>H^ -f = 2 CO + 2 H.,. 
(This result accords with the work of Dalton, Kersten, and E. 
von Meyer.) (2) With less than one volume of oxygen methane 
is found among the products, and the amount formed increases as 
the proportion of oxygen decreases. Thus 100 vols. ethylene were 
exploded with 92*04 vols. oxygen. The resultant gases contained 
2*52 per cent, of methane. One hundred vols. of ethylene w^ere 
exploded with 70*44 vols. oxygen. The resultant gases contained 
5 96 per cent, of methane. The authors suggest that methane 
is formed by the decomposition of ethylene by the heat of the 
main reaction, C 2 H^ = CH^ + C. (3) With less than an equal 
volume of oxygen carbon is literated. (4) With less than an 
equal volume of oxygen unsaturated hydrocarbons are formed, 
among which acetylene may be detected. The authors suggest 
that the acetylene is formed by the union of nascent hydrogen 
with nascent carbon. (Jour, Cheni. Soc.^ Ixi. 873.) 

It may be remarked that the above vrork confirms the view 
that it is the carbon and not the hydrogen of a hydrocarbon which 
is first attacked by the oxygen. The bearing of the work upon 
the interesting subject of the chemistry of flames is obvious ; but 
on this point it is well at present to keep an open mind. To 
quote H. E. Armstrong, it is “ unwise at present to infer that 
the oxidation of the hydrocarbons, or the separation of carbon and 
also of hydrogen from them, takes place entirely in any one way.” 

The reader may compare the results obtained by the com- 
bustion of ethylene with water-vapour. (“ Year-Book ” for 1891, 
p.l76.) 
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Prepar(Uion of acetylene . — Caianeuva shows that acetylene 
may be obtained from bromoform by the action of dry powdered 
silver. The reaction starts spontaneously, and if the mixture is 
warmed, becomes very violent. With chloroform the reaction will 
not occur. Bromoform itself scarcely reacts with sodium. The 
author previously obtained acetylene from iodoform by a similar 
method. {Comptes Ilefidus, cxiii. 1,054.) 

Maquenna describes a convenient method of prepaiing the same 
gas. By heating powdered retort-charcoal with barium amalgam 
this chemist obtained the barium carbide, BaC^. Bimght into 
contact with water this compound evolves acetylene. 

Maquenne now adopts a much more convenient method for 
preparing the carbide. This consists in igniting together barium 
carbonate, magnesium, and carbon. The barium is reduced {see 
Metallic halides”) and combines with the carbon. 

BaCOg + 3Mg -h C= Baa + 3MgO. 

Carbide of barium is unaltered in dry air. It is a grey porous 
substance, which burns in air when heated to redness, and is also 
capable of combustion in chlorine, hydrochloric acid, and vapour 
of sulphur. 

Acetylene is readily prepared by allowing water to drop upon 
this substance. 

BaCg + 2H20=Ba(0H)2 + CJl,. 

The acetylene so obtained is remarkably puie, containing 98 per 
cent, of CgHg. {Comptes Rendus, cxiv. 354.) 

Nitration of paraffins. — -Konovalolf succeeds in nitrating some 
paraffins by the action of dilute nitric acid in sealed tubes. Thus 
hexane and octane give good yields (50 per cent.) of nitix) 
derivatives at about 130® to 140®. {Comptes Rendus, cxiv. 26.) 

Halogen derivcUives . — The ordinary rule is that if fatty 
halogen derivatives are further halogenated, the entering halogen 
atom, where possible, attaches itself to the carbon atom which is 
already combined with halogen. This rule has exceptions, and 
some more are pointed out by ^^ctor Meyer and Frans Midler. Thus 
CHfj.CHgCl on chlorination yields, under ordinary circumstances, 
CHj.CHClo. If, however, iron be present, the symmetrical 
derivative ethylene chloride, is formed. Under 

similar conditions propyl bromide yields CH 3 .CHBr.CH|jBr. 
Antimony pentachloride converts ethyl chloride, CgH^Ol, into 
ethylene chloride, CHgOl.CHgCl. {Beriehte^ xxiv. 4247.) 

AcMs, genenM. 

Bromination of fatty adds . — ^Auwers and B^al obtained 
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monochloracetic acid by treatment of a boiling mixture of acetic 
acid and sulphur with chlorine. P- GenTrasse, substituting bromine 
for chlorine, uses a similar method for the bromination of fatty 
acids. By its means he obtains mono and dibrotn>acetic acid, 
oxyraonobrompropionic acid and monobrombutyric acid. {BuU. 
Soc. Chim. [3J, vii. 364.) 

Angelo Simonini has re-examined the action of iodine on 
the silver salts of fatty acids. He finds that when iodine acts on 
silver acetate the reaction may be expressed broadly by the equation 
2 CH 3 .CO.OAg+l 2 = 2 AgI+CO 2 +CH 3 .CO.O 0 H 3 . With silver 
caproate an exactly similar reaction occurs, amyi caproate being 
pr^uced — 

2AgCeHii02 + Io=C5Hii.C3Hn02 + COo + 2AgI. 
{Monatsh.f xiii. 320.) 

Acids, special. 

Dehydracetic acid - — Feist brings forward some objections to 
Collie’s formula for this substance. {See ‘‘Year-Book” for 1891, 
p. 182.) 



Feist's formula. Collie’s formula. 


cnj.co Clio CO CII:; CO.Cirs coon 
CHa CO CU3.C.CH.CO.CH2 CO 



Derivation fh)m t«tracetic acid (Collie). 

His objections are, on the whole, unimportant. At present either 
formula proves almost equally suitable to the reactions and 
formation of dehydracetic acid. Collie’s formula is, however, 
undoubtedly the simpler, and, moreover. Feist’s formula is quite 
unable to explain the formation of a dichloride. 

Among Feist’s arguments we may note the following. He 
considers the formation of orcinol {see “Year-Book” for 1891) 
not fully proved. The production of a dichloride, Cg Hg O 3 Clj, 
would strongly suggest that dehydracetic add contains two 
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hydroxyls, as in the tautomeric form of Oollie’s formula. Feist, 


cn3C(oii):Cii,c 


ciis cci.c:i i 


Tautomeric form. 


Dichloride (Collie). 


however, considers that this substance is not a simple derivative 
of dehydracetic acid. 

The formation of aa'dimethyl pyrone can be explained by 
either formula, Feist reaching it by way of di- 
o methylpyrone carboxyllic acid and Collie through 

methylpyroneacetic acid, either of which would 
11 yield the above dimethylpyrone by loss of car- 

bon dioxide. Supjtosing the acid to first take 
up and then split off water, we have, according 
to Feist;- 


CHj Cif ^ro 

-h 

iicv -o c::j 


on 

ClhOrt^ ,01)011 


CII CO CIl3 


With loss of water this yields : — 


OlH HOjC.CIIs 
cnj.c.cn CO c coon 


II2O -h 


c COOII 


When this loses carbon dioxide we have 


oa'diineiliyl pyrone. 

According to Collie the reaction may be supposed to run as 
follows : — 

The dehydracetic acid takes up water yielding tetracetic acid, 
and we then have : — 

CH,.CO.CHa.CO.CH,.CO.CH8.COOH 
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or the tautomeric form 

CH8.C(0H) : OH.OO.CH : C(0H).CH8.000H 

which loses water 




OH 


HO 


CH 3 .C : CH.CO.CH : C.CHyCOOH 


giving us : — 

o 

CH,.C:CH.CO.CH : C.CH,.COOH or 


o 

ucl^, 

CO 


CHa COOH 
CH 


which is dimethylpyronecarboxyllic acid, and by loss of carbon 
dioxide would yield the same dimethylpyrone. 


CIIjC 

lie 



C.CII2 COOH 
CH 


CIlsC, 

H 



iC CEb 


H 


+ COa 


CO 


CO 


Much, therefore, depends on whether the intermediate acid 
isolated by Feist is dimethylpyrone carboxyllic acid or methyl- 
pyroneacetic acid. 

By the action of phosphoric acid on dehydracetic acid Feist 
obtains a phosphoric ether in whicli only one hydroxyl group is 
attacked, C^H.. 03 .H 2 P 0 ^. This, he considers, suggests that 
dehydracetic acui acts as a monohydroxylic (not a dihydroxylic) 
alcohol. 

Feist’s most weighty argument is that the formation of 
dehydro-benzoylacetic acid cannot be explained by a process 
analogous to that suggested by Collie, since id benzoylacetic acid 
there is no methyl group to be attacked. Feist considers the 
dehydro-benzoylacetic acid as the strict analogue of dehydracetic 
acid, but from this view Collie dissents, on the ground of the 
divergent behaviour of the benzoyl derivative. For instance, 
with phosphorus pentachloride the latter yields only a mono, 
while the former yields a dichloride. At present the controversy 
remains undecided. (Berickte^ xxv. 340.) 

The production of pyridinp derivatives from Collie’s triacetic 
acid is mentioned in the second section of the organic part 

La>ctic acidy rettolution into optically active components , — The 
authors, T. Pnrdie and J. Wallaot Walker, neutralise lactic acid with 
o 2 
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strychnine and fractionally crystallise the strychnine salt. The 
ammonium salt obtained from least soluble crystals proves to be 
dextrogyrate, while that obtained from the most soluble is laevo- 
gyrate. The zinc salt obtained from the former by boiling with 
zinc oxide proves to be laevogyrate. It crystallises with 2 mols. 
of water, while ordinaiy zinc lactate crystallises with 3 mols. 
The free acid obtained from it is laevorotatory. The zinc salt 
of the other acid is laevorotatory (also crystallising with 2 mols. 
of water), the free acid being dextrorotatory. The salts are 
named from their acids, as zinc laevolactate and dextrolactate. 
When the two salts are mixed in equal proportions a precipitate 
of ordinary zinc lactate occurs which is found to be absolutely 
inactive. The dextrogyrate acid is identical with sarcolactic acid, 
while the laevogymte acid is identical with the acid obtained by 
Schardinger by the bacterial decomposition of cane sugar. (See 
“ Year-Brok ’’ for 1891, p. 184.) Schardinger has also synthesised 
inactive lactic acid from his laevorotatory acid and a dextrogyrate 
acid obtained by Lewkowitsch by the fermentation of ammonium 
lactate. The analytical resolution by Purdie and Walker com- 
pletes the proof. (Jour. Chem. Soc.^ Ixi. 754.) 

Acetacetic etliei*. — The constitution of acetacetic ether has 
of late been the subject of renewed discussion. In spite, how- 
ever, of much work on the subject it cannot be said that definite 
conclusions have been reached. The following rimmd will 
probably suggest that in its chemical relations the ether behaves 
now as a ketonic and now as a hydroxylic derivative — in fact, 
that it exhibits tautomery. Nef (Annalen^ cclxvi. 52) gives a 
number of reasons for supposing that acetacetic ether has not the 
ketone structure, that it is not CHg.CO.CHg.COOEt, but 
CH3.C(0H) = CH.OOOEt, and that the monosubstituted alkyl 
derivatives are CH3.C(OH) = ClkCOOEt. Among his argu- 
ments we may notice the following : — 

(1) Phenylhydrazine yields with the ether a hydrazide and 
not a Ayrfrazowc— that is, CH3.C{NH.NHCeH.) = CH.CO2R, not 
,CH3.C(N.NHC3H5).CH2.C02il. By mercuric oxide we get 
phenyl /3azocrotonic ether, CH3.C(N = NC0H5) = CH.COgR. 

(It is worth noting that the above hydrazide readily passes by 
loM of alcohol into phenylmethyl pyrazolone, which, according to 
this reaction, has the formula — 

CH3.C.-NH CH3.C = N. 

II /NCeHg and not 1 
HC-~C0/ HjC-CCK 

«A«gg88ted by Knorr.) 
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(2) Acetacetic ether and its methyl and ethyl derivatives are 
converted by means of sodium (in alcohol) to the sodium 
derivatives without the reduction which would be characteristic 
of a ketone. 

(3) Wedel has shown {Annalen, ccxix. 81 and 85) that succino- 
succinic ether and dioxyterephthalic acid yield with acetyl 
chloride diacetyl derivatives, from which it must be concluded 
that these bodies contain hydroxyl, especially as on standing 
with sodium the acetyl group is again removed. 

(4) Claisen and Lowman showed {BericJUe^ xx. 651) that if we 
take the product of combination of sodium ethylate and ethyl 

< OEt 

-OEt and heat with acetic 
ONa 

ether, we obtain benzoyl acetic ether, probably as follows : — 

C6H5.C(OEt).(ONa) +CH3.C00Et = C6H5.0(0Na) : CH.COOEt, 

which gives us the hydroxylic formula for benzoyl acetic ether. 

T. W. Brnhl disputes Nefs conclusions. Thus with regard to 
(2) he cites the fact that the ether of camphor carboxyllic acid, 
undoubtedly ketonic, is not reduced by sodium. Nef states that 
a CHj between two carlx)xyls has no acid properties — e.g.^ malonic 
ether is insoluble in soda and unacted on by sodium in ether. . 
In reply Briihl remarks that this is insufficient evidence of absence 
of acid properties, and that free acids, such as phthalic acid, 
succinic acid, etc., do not react with sodium in absolute ether. 
Briihl also recalls his own observations on the molecular refraction 
of acetacetic ether, which yielded for the red hydrogen line Ha a 

value for ^ of 31-89. For the ketone formula theory 

\n2 + 2/ d 

requires 31-53, for the hydi-oxyl formula 32-55. (BeruMe^ xxv. 
306.) 

H. von Pechmanii has examined formylacetic ether, which he 
concludes to be a hydroxyl compound HO.CH = CH.OOO Et. 
He obtains the benzoate by the Schotten-Baumann method 
(acting with benzoyl chloride on the alkaline solution), and finds 
that this takes up bromine readily. By acting with aniline on 
sodium formylacetic etlier he obtains anilidoacrylic ether — 

CeH5.NH,CH = CH.COgEt 

This takes up a further molecule of formylacetic ether to form 
0*Hj.N ^ n S' tolnidino 
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derivative. These reactions obviously suppori the hydroxyl 
formula and not the aldehyde formula H.CO.CH 2 .COO Et. 
Pechmann concludes that ** formylacetic ether” is in fact the 
ether of /Shydroxyacrylic acid. But Pechmann finds that its 
homologue aoetacetic ether differs from it entirely in general 
behaviour — it does not take up bromine. Also on benzoy- 
lating the pr^uct in the case of acetacetic ether resembles the 
mother substance (has acid properties, etc.), but loses them with 
the introduction of the second benzoyl group. In the case of 
formylacetic acid the acid projierties disappear with the intro- 
duction of the first benzoyl group. Formylacetic acid only 
contains one replaceable hydrogen atom. Pechmann considers 
that these differences point to the ketone formula for acetacetic 
ether. {Bericlde, xxv. 1040.) 

L. daisen considers that Nefs work does not prove his point. 
Acetacetic ether gives rise to two series of derivatives agreeing 
with either formula. Molecular refmction supports the ketone 
formula. He considers that Pechmann’s work, which consisted 
in acting wdth benzoyl chloride on sodio-formylacetic ether, does 
not prove the constitution of the free ether. {Berichte^ xxv. 1,776.) 

Arthur Michael considers he has shown that from acetylchloride 
and sodiomalonic ether the true acetomalonic etlier is obtained. 


COOEt.CHNa.COOEt + CH 3 COCI = COOEt.CH.COOEt + HCL 

COCHg 

while chlorocarbonic ether and sodacetacetic ether yield car- 
bethoxylacetacetic ether thus — 


CHg.CONa 

Cl 


:CH.COOEt 

COgEt 


He considers that sodacetacetic ether has the hydroxyl formula, 
while the free ether has the ketone formula. 

W. H. Perkiii has made a valuable contribution to the evidence 
on the constitution of acetacetic ether by his determination of its 
molecular magnetic rotation. With ethylacetacetate and ethyl ethyl- 
acetacetate the results show these compounds to be saturcUed. 
Thus with acetacetic ether we have : — 

Rotation observed 6*501 

Calculated ... 6*510 

Calculated for unsaturated compound 7*849 

At higher temperatures (905'') the rotation is slightly diminished, 
becoming 6*470. 
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The rotation of a number of supposed ketonic compounds is 
described by Perkin in the same paper (Jour. Chem. Soc.^ Ixi., 
800). The diketones aoetylacetone) are found to be paHially 
hydroxylic. Thus methylacetone has a rotation lying nearly 
midway between the ketonic and the hydroxy-ketonic formulae. 
On altering the temperature the rotation alters owing to varying 
proportions of the different molecules. Raising the temperature 
lessens the proportion of unsaturated (hydroxylic) molecules. 

The 

Fischer has continued his work on the sugars. Among his 
most interesting recent results are the syntheses of the higher 
sugars from glucose. The nitrile reaction w^as first applied to 
sugars by KilianL The lactone so obtained can, as Fischer has 
shown, be reduced by sodium amalgam to the sugars. He 
has also shown that two stereo-isomers are in this way obtained. 
In a later paper {Annalen^ cclxx. 64) Fischer describes the 
syntheses from d-glucose. He combines this with hydrocyanic 
acid, converts the nitrile into the lactones by baryta, a and /3 
glucoheptonic acid lactones being thus obtained, the former being 
less soluble. Reduced these yield a and ft glucoheptose. Tlio 
o-compouuds are used for subsequent syntheses. In this way we 
get a- and /3-octose and* a- and |3-glucononose and its alcohol 
glucononite, the first nine- value alcohol. 

As to the configuration of these compounds : — 

H H OH H 
« • • • 

CHjOH • C ♦ C • C • C • COH 

• • • 

OH OH H OH 

is glucose. For glucoheptonic acid we have thus : — 

(i.) H H OH H H 

CHjOH • C • C • C • 0 • C • COOH 

OH OH H OH OH 

(ii.) H H OH H OH 

• a a a a 

CHjOH • 0 • 0 • C • C • 0 • COOH 

a a • • a 

OH OH H OH H 
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oorrespoDding to the two pentoxypimelic acids : — 

(i,) H H OH H H 

■ • 

COOH • C • 0 • C • C • C • COOH 

• • • • • 

OH OH H OH OH 

(ii.) H H OH H OH 

• • • • • 

COOH • C • C • C • C • C • COOH 

• • • • • 

OH OH H OH H 

of which i. is inactive and ii. active. 

The glucoheptonic acids are converted by oxidation into the 
two bibasic acids and examined optically. The pentoxypimelic 
acid obtained from the a-compound (first by Kiliani) is optically 
inactive^ that from the /3 compound active. 

We thus have for a*glucoheptose the formula : — 

H H OH H H 
CHoOH • C • C • C • C • C • CHO 
OH OH H OH OH 

In the case of the gluco-octonic acids we cannot decide, since both 
their derivatives would be active. 

The sugars, up to glucononose, together with their acids, 
bydrazones, etc., have been prepare<l and studied. {Annalen^ 
cclxx. 64.) 

Mucic acid (inactive) is investigated by Fischer and Herts 
(Berichte^ xxv. 1247). It is shown to be symmetrically built up, 
and on reduction yields equal quantities of stereoisomeric mono- 
basic active acids, the symmetry of the molecule being destroyed. 
The lactone, ivhich is optically inactive, consists (for the same 
reason) of equal quantities of oppositely rotating lactones. 

The first aromatic sugar has been obtained by Emil Fischer and 
A. J. Stewart. They start with the cyanhydrin of cinnamic alde- 
hyde. 

CaHj.CH.CH.CHO + HON ^CgHg.OH : OH.OH 
This compound readily takes op bromine and the product yields 
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on saponification the lactone of phenylbromhydrozjbalyric 
acid. 

CsH5.CH.CH.CH2.COOH 

"iri Br 

OH K 

C8H5.CH.CHBr.CH2.CO.O 

I I 

The above probably expresses the course of the re^tion with 
formation of a y-lactone. From the bromolactone the phenyltri 
hydroxy butyric acid is obtained by boiling with baryta- water. 

CeH5.CH2.CH2.CH2.COOH 

The acid is converted even by the mere evaporation of its aqueous 
solution into the lactone. Reduced with sodium amalgam the 
lactone yields the aldehyde, CeH 5 .CH 2 .CH 2 .CH 2 .CHO,whichisthe 
new sugar, phenyltetrose. The free sugar is a colourless syrup 
not yet obtained in the crystalline state. It reduces Fehling 
solution on boiling. On adding phenylhydrazine acetate to the 
concentrated aqueous solution of the sugar, its phenylhydrazone 
separates as a yellow oil, which rapidly solidifies and may be re- 
crystallised from benzol. The hydrazone was used for analysis. 
{Berichtey xxv. 2,555.) 

One of the last stones is added to the edifice of the artificial 
sugars by Fischer and Landsteiner in their isolation of glycol 
aldehyde, CHgOH.CHO. The ordinary sugars being aldehyde or 
ketone alcohols, this substance becomes the first member of the 
aldehydic series (diose). Abeljanz thought he had obtained the 
substance by the action of water on dichlorether, while Pinner 
acted on his glycol acetal with acid, but as the authors show, 
neither of these chemists obtained glycol aldehyde. Glyceralde- 
hyde, the original starting-point for the synthesis of the sugars, 
b^g obtain^ by tlie action of baryta-water on acrolein di- 
bromide, there seemed some chance of preparing the glycol deriva- 
tive by the action of baryta on monobromaldehyde, CHgBr.CHO. 
The procedure is as follows : — 

.OC 3 H 5 

Bromacetal, CHjBr.OH/ , is obtained by the action 

NOC3H5 

of bromine on acetal, calcium carbonate being present to des^y 
the liberated hydrobromic acid which interferes with the reactiim. 
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The compound is next decomposed by beating on an oil-bath with 
oxalic acid. 

CHaBr.CH 6 

| OC.HrH[ 


The bromaldehyde, CH^BnCHO, is distilled off. It is a 
colourless, viscid liquid, of very pungent odour. The crude 
bwmaldehyde is dissolved in water and added to baryta suspended 
in water, the mixture being maintained at O'*. The odour of 
bromaldehyde disappears. The baryta is precipitated by sulphuric 
acid and the solution neutralised by lead carbonate. After 
filtration this yields us a solution of glycolaldehyde, which reduces 
Fehling solution at the ordinary temperature. Warmed with 
phenylhydrazine acetate crystals of the osazone (glyoxalphenylosa- 
zone) are deposited and were analysed. 

Bromine water oxidises glycolaldehyde to glycollic acid, 
CHgOH.COOH, the reaction being analogous to that occurring 
with the sugars. Dilute sodium hydrate (1 per cent.) causes the 
glycolaldehyde to polymerise to tetrose, which was examined in the 
form of an osazone. 


CHgOILCHO CH2OH.CHO. 
CH2OH.CHOH.CHOH.CHO. 

This is the first synthetical tetrose. 

With the exception of the pentoses the synthesis of the sugars 
is now complete from the lowest member of the series, diose 
(glycolaldehyde), to nonose. {Jierichte, xxv. 2,549.) 

Another method of pi’eparing glycolaldehyde is described by 
W. Marckwald and AL Ellinger. The experiments of these authors 
are described in a preliminary form owing to the publication of 
Fischer and Landsteiner’s work on the subject. The authors start 
from glycolacetal in the manner first attempted by Pinner. 
They obtain this body from chloracetal by the action of alcoholic 
potash — 


yOC,H 
CHaCl.CH/ 


giving CHoOH.CH<^^ 
N)CjH ' N)CaH5 


Pinner could not succeed by means of mineral acids in 
splitting this compound into glycol aldehyde and etbylalcohol. 
The authors have, however, found that if sufficiently dilute acid be 
used iho action proceeds easily and smoothly. Quite pure and 
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Hydrazoic acid, wa« mentioned in the last issue 

(“Year.Ik)ok’’ for 1891, p. 201) that the ideal reaction 

X d" 2 H 3 O does not occur. True 

hydrazine itself has only, as yet, l>een obtained from or^nic 
derivatives, and only by means of organic compounds can it be 
convei*ted into hydrazoic acid, N^H. The methods used by 
Curtius have already been dealt with. Phenylazoimide, 

CgH..N/ II (the diazobenzolimide of Griess)has been synthesised 

\N 

by E. Fischer from phenylhydrazine and nitrous acid : — 

CgH-NH. NH. + HN02=C6H5N3 + 2 H 2 O 

(Ann, Chem, Pliarm,, cxc. 92.) This substance is, it will be 
seen, the phenyl ether of hydrazoic acid. Could it be saponihed 
it should yield phenol and a salt of azoimide, just as chlorobenzo), 
C 3 H 5 CI, might theoretically be expected to yield with potash 
phenol and potassium chloride. But just as it is not possible to 
saponify chlorobenzol by potash, it is also impossible to saponify 
phenylazoimide. It has been found, however, that when chloro- 
benzol is nitrated the chlorine becomes much more susceptible of 
saponification. Thus chlortrinitrobenzol 

(Cl : NO. : NO. : N02=l : 2 : 4 : 6 ) 

is readily saponified by boiling with soda, being converted into 
trinitrophenol or picric acid. Noelting and Orandnumgin have 
applied this plan to the production of hydrazoic acid from phenyl- 
azoimide. Dinitrophenylazoimide is obtained from dinitraniline 
(NHg : NOg : NOg = 1:2:4) by diazotising, conversion into 
perbiomide, and treatment witli ammonia. ^ 

(NOj)sO,H8.NBr-NBr,+NH8=3HBr+(NOi,),0,H3K<^J^ 
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It is readily saponified by alcoholic potash yielding the potassium 
salts of dinitrophenol and of azoimide or hydrazoic acid. 


.N 


,N 


(N02)jCeH8.N<^ + 2K0H=(N02)2C8H80K + K.N</||^+ H^O 

{Berichtey xxiv. 2,546.) 

A still more simple and beautiful sjrnthesis has been worked 
out by Wilhelm Wislioemu. According to this method the hydra- 
zoic acid is obtained from purely inorganic sources. The method 
consists in acting upon sodamide with nitrous oxide. We 
have : — 


NaNHc 

N^O' 


giving us NaNj^ and water, which, of course, reacts with further 
sodamide, NaNH^ -f H^O = NaOH + NHg. The complete re- 
action is therefore : — 


2NaNH2 + NoO = NaNg + NaOH + NHg. 

Potassium and zinc amides react in a similar manner with 
nitrous oxide. 

To carry out the synthesis dry ammonia is first passed over 
molten sodium contained in a porcelain boat within a glass tube. 
When the sodium has been converted into amide the cunent of 
ammonia is replaced by one of nitrous oxide, the temperature 
being maintained between 150"* and 250°. The mass froths up 
slightly and ammonia is evolved. When the evolution of 
ammonia ceases the reaction is at an end. The product is 
dissolved in water, and when treated with dilute sulphuric acid 
yields the free azoimide, which can be distilled off. The dis- 
tillate yields the ordinary reactions of hydrazoic acid. The 
silver salt was precipitated and analyst. {Berichtey xxv. 
2,084.) 


II. — KINO COMPOUNDS (CYCLOIDS), ETC. 

By CHARLES FREDERIC BAKER, B.Sc. 

The conaiimtion of henzsene. 

Another paper with this title by Adolph von Baoyor has appeared 
during the past year. In noticing this paper we propose to give 
a short rimmi of Prof, von Buyer’s recent work upon the 
subject, as it is of more than ordinary interest and importance. 

For an account of the facts, and inferences drawn from 
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them, which lead to our present notions of the arrangement of 
the atoms in the benzene molecule, a text-book must be consulted; 
we would refer the reader to McGowan’s English translation of 
Bemthsen’s ‘‘ Organic Chemistry ’’ (Blackie), p. 307, and, for au 
account of some of the formulae proposed for benzene, to 
Morley’s “Organic Chemistry (Churchill), p. 293, or to the 
article “ Benzene ” by the same author in the new edition of 
Watt’s Dictionary. We will here content ourselves with recalling 
the chief conclusions drawn from the reactions of benzene, viz., 
that ( 1 ) The six carbon atoms are similar, and similarly situated 
in the molecule, and the hydrogen atoms are symmetrically dis- 
posed with regard to them, being themselves also similar and 
similarly situated ; and ( 2 ) Three, and only three, series of di- 
substitution derivatives exist. A satisfactory benzene formula 
has to furnish an expression of these main facts, and of many 
minor ones. Various formulae have been proposed, and are 
reproduced below. In these formulae each figure represents a 
carbon atom, which is also joined to a hydrogen atom, — a CH 
gi*oup, in short. 1 : 2 , 1 : 6 , etc., substituticm products would be 
orttio-y 1 : 3, 1 : 5 etc., nvetor^ and 1 : 4, etc., paror derivatives. 



Kekale’s. Ladeuburg’s. Claus*. Dewar’s. “ Central Formula.” 


The formula projiosed by Kekul^, the originator of our 
present views regarding the constitution of benzene, has found 
the most general acceptance, and, in a somewhat simplified forra^ 
is the one commonly used. It represents the six carbon atoms 
as united in a chain, each being linked to two others only. It 
explains satisfactorily almost all the known reactions of benzene 
derivatives, and accounts for the existence of the substitution 
derivatives of various kinds, and it affords a simple explanation 
of the relation of benzene to naphthalene. Its weak point is the 
double bonds, which were insert^ merely out of deference to the 
current opinion that the carbon atom is always tetravalent, as it 
certainly is in saturated, fatty compounds. These double bonds, 
ilowever, possess few of the characteristics of those in ethylene 
compounds. And further, since a double bond is difierent 
from a sinde one, the compound CH 3 — CBr = CHBr differing 
from OHjBr — CBr CH,, the bl^ene deriyative "" "" 
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[X : X ss 1 : 2 see Kekul^’s formula above] should differ from 
the [X : X= 1 : 6] derivative, and similarly OXXY [X ; Y=1 :3] 
from [X : Y = 1 : 5], X and Y being unlike atoms or groups of 
atoms, each replacing an H of the benzene molecule, 
Granting this, Kekul4’s formula requires the compound CgH^X^ 
to exist in fouty and CgH^XY in five isomeric modifications, 
whereas in reality each exists only in three. Kekul^ attempted 
to explain this by assuming that in consequence of vibrations 
within the molecule, the double bonds which at one instant 
occupy the j>ositions 1 = 2, 3 = 4, 5 = 6, are at the next in 
2 = 3, 4 = 5, 6 = 1, and perpetually oscillate between these 
positions. The difierence between a 1 : 2 and a 1 : 6 disiibstitu- 
tion derivative thus vanishes. But this explanation is obviously 
a lame and unsatisfactory one — a mere evasion of the difficulty. 

Ladenburg’s formula, known also as the prism formula, 
represents the six carbon atoms as situated at the angles of a 
triangular prism, and linked each similarly to two others and 
dissimilarly to a third. This formula does not explain satisfac- 
torily the relation of benzene to naphthalene, and gives only a 
very forced explanation of tlie existence of the addition products 
of benzene. 

Claus' formula represents the six carbon atoms as united in a 
ring, and each carbon atom linked, not only to its two neighbours 
in the ring, but also by a “para-junction " to the op[)osite atom. 
It had not, till recently, met with general acceptance; but 
Baeyer, in his last paper, says that it is the only formula which 
affords an explanation of one of the reactions that he has 
observed. 

The formula of Dewar (and Kccmer) has never found 
acceptance; it does not represent the carbon atoms as all 
similar. 

The “ central formula," proposed at various times by Lothar 
Meyer, Armstrong, and Baeyer, assumes that the six carbon 
atoms are united in a ring, each to two others and to a hydrogen 
atom ; as to the power which, in a fatty com[K)und, would enable 
each to unite with a fourth atom, this is somehow employed in 
producing an intramolecular tension which gives the ring its 
peculiar character. The conception is obviously indefinite, but 
this very indefiniteness makes it more nearly represent the state 
of our knowledge. 

With regard to Baeyer’s work, we may say at the outset that 
it has, as yet, thrown little or no light u|>on the constitution 
of benzene i^lf, though much upon that of its reduction 
droducts. Baeyer certainly disproves Ladenburg’s formula, and 
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in this wise. When phthalio acid, an ortho-dicarboxybenzene, is 
reduced to hexahydrophthalic acid, a hexamethylene derivative, 
the carboxyl groups still remain in the ortho position in the 
resulting acid, for this acid, like all orthchdicarboxylic acids, 
readily gives an anhydride, which the other two isomeric hexa- 
hydrophthalic acids do not. Now if Ladenburg’s formula is 
correct, when a benzene derivative is converted into a hexa- 
methylene one, the ortho-positions in the former become meta- 
in the latter, as the following figures show : — 


cir^: 


CII 



Phtlialic acid 
<1:6 = ortho). 



Hexahydrophthalic acid 
(1 : C = nieta). 


Since, then, in reality an orthobenzene derivative is found to 
yield an ortho, and not a meta, hexamethylene derivative, 
Ladenburg’s formula is not in accordance with the facts. 

But, beyond this, Baeyer’s researches do not allow us to dis- 
criminate between the various benzene formulae. At first he 
revived the central formula because he considered that Kekul^’s, 
with its three double Ininds, was not in accordance with the fact 
that benzene derivatives, such as terephthalic acid, are not 
immediately attacked by permanganate. But later he found 
that phenanthrene is not attacked by permanganate in the cold, 
whereas stilbene is : — 






H K' 

Stilbeue. 




Phenanthrene. 


and since it thus seemed that the mere fact of a double bond 
existing in a ring is alone sufficient to make it less readily 
oxidisable, there was no longer any I'eason why terephthalic acid 
should not contain three such double bonds, and their difficult 
oxidisability be due to tlieir existence in a closed ring. Baeyer 
therefore returned to Kekuy’s formula. He had formerly 
rejected Claus' formula, with para-junctions, because he bad 
. found that no para-junctions are formed when you would expect 
them. For example, when para-dibromohexahydroterephthalic 
acid is treated with nascent hydrogen, the two Br atoms are 
^placed by H, and not merely removed* 
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1:4 — Dibromo- Hexalivdro- 

henliydroterepbthAlie acid. terephthalie acid* 


coon 


CHa 

CHa 


rk^^CIIa 


C 

6ooh 


Now if para-junctions are capable of existence, you would expect 
the two Br atoms to be removed and a para-junction to be formed, 
just as in both hydro-benzene and fatty compounds, when the two 
Br atoms are attached to adjacent carbon atoms, they are removed 
by nascent hydrogen and a second ortho-junction is formed, 
converting the junction into a double bond, e.g ,\ — 



henbydroterephthalic acid, terephthalie acid. 




o /3— Dibrorao- 
propionic acid. 


(jJOOH 

i 


Acrylic 

acid 


It seems, therefore, that there is not, as Claus’ theory would 
require, a tendency to the formation of a para-junction. 

But in his last paper Baeyer shows that most of the reactions 
can be explained by means of Claus’ formula, if it is assumed 
that when one para-junction is broken the other two are replaced 
by double bon^. And the following fact favours the idea of 
pararjunctions. When a dihydrophtbalic acid is oxidised, if one 
of the two H atoms removed was attached to the same 0 atom 
as the COOH group, or to the C atom in the para-position to 
this one, the COOH group, alike in either case loses COo, and 
benzoic acid is formed, whereas if the H atom was attached to a 
C atom in the or^/io-position, no CO 2 is split off, and phtlialic 
acid is formed. It thus seems as if there were a closer connection 
between two carbon atoms when in the parar than when in the 
ortho-position with r^rd to each other, and the presence of 
para-junctions in phthalic and benzoic acid is accordingly rendered 
prob^le. 

But just as Baeyer now considers phthalic acid to contain 
para-junction% so be thinks that he has, with equal certainty^ 
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proved phlorogluoinol to contain three doable bondsi xsiv, 

rc)OH 
COOH 




Phthalic acid. 


Phloroglacino. 


2687), and so thinks it possible that the benzene nucleus may 
exist in two modifications, corresponding respectively to Glaus’ 
and to Kekul^’s formulae. But no definite conclusions have yet 
been reached, as he ingenuously admits in the following passage : — 
The task which I set before me on commencing these researches 
was to elucidate the constitution of benzene, and not to seek an 
experimental verification of any particular hypothesis. As a 
consequence of this resolution I have more than once changed my 
views, according as the sum of the experimental evidence appeared 
to favour one or another theory. And 1 would ask the reader 
not to be astonished because 1 now give prominence to an hypo- 
thesis which I have previously comi^ted, nor to hold me incon- 
sistent if I should chance in the course of time to transfer my 
allegiance to another theory.” 

But though little knowledge has been gained of the constitu- 
tion of benzene itself, much light has been shed upon that of its 
reduction products. Of these the di-, tetra-, and hexa-hydro 
addition products of terephthalic and phthalic acids have been 
exhaustively studied, as well as the di- and tetra-hydro homo- 
nucleal a- and /3-naphthoic acids. 

For these the following nomenclature is adopted. The 
presence of a double bond is indicated by the symbol A, and its 
position by a figure ; it starts from the C atom indicated by this 
figure, and runs in the direction in which 0 atoms of the ring are 
numbered. For example, tetrafaydro-terephthalic acid has a 
double bond between the carbon atoms 2 and 3 ; A^*^ dihydrotere- 
phthalic acid has two double bonds, between 1 and 2, and 3 and 
4 respectively. The result of these investigations has been to 
show that these addition compounds possess in all respects the 
character of fatty derivatives ; the hexamethylene compounds 
(hexahydro-terephthalic and phthalic acids, and the tetrahydro- 
naphthoic acids) e^bit all the reactions of saturated fatty com- 
pounds, while the tetrahydro-terephthalie and phthalic aci^ and 
the dihydronaphthoic acids resemble unsaturated fatty compound* 
containing one double bond, and the dihydro-terephthalic and 
P 
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phthalic acids react exactly like unsaturated fatty derivatives 
oontaining two double bonds. Hexamethylene derivatives yield 
no addition products with bromine, but substitution derivatives, 
in which, as in the fatty series, the Br goes to the a carbon 
atom reckoned from the COOH group. 



Hexaliydro- l~Bronioliexahydro< 
terephthalic acid. terophthalic acid. 


(pOOH 

COOH 


II ^nvj 

1 — ^ 

1 



CHs 

1 

CHs 

Caproic 

acid. 

a— Bromo* 
caproic acid. 


And tetrahydro-phthalic acid, etc., takes up 2H, 2Br, or HBr, 
yielding hexamethylene derivatives, just as ethylene derivatives 
under similar circumstances yield saturated fatty compounds. 
And dihydroterepthalic acid, etc., unites with 2H, 2Br, or HBr, 
giving tetrahydro derivatives, and with 4H, 4Br, or 2HBr, 
giving hexamethylene derivatives, just as fatty compoimds with 
two double bonds yield successively ethylene derivatives and 
saturated fatty compounds. And when a tetrahydro acid takes 
up HBr, the Br atom, as in the case of an unsaturated fatty acid, 
goes to the C atom more remote from the COOH group. 


^OH 

r 

COOH 


COOH 



COOH 

I 

(Ihs 


Of)orr 

CH 

ir 


A* Tetrahytiro- 2~Uroinoh?xahydro- /9— Propyl- 

tercphthalJc acid. tcrepbtlialic acid. acrylic acid. 


Bromo- 
caproic acid. 


And when these bromo acids are reduced with nascent hydrogen, 
the Br is replaced by H, as in the fatty series. Or if they 
contain two Br atoms, united to adjacent C atoms, these two Br 
atoms are removed by nascent hydrogen, with formation of a 
double bond, again as in the fatty series. (Sec the case of 1:2— 
dibromobexahydrophthalic acid on p. 224.) And yet again, as in the 
fatty series, HBr is removed from these acids by the action of 
alcoholic potash, and double bonds are formed. 
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(pooti 
cn 

CH2| 


cn-J 


^CHBr CH! 



(j^oon 
jOH 

IHBr 


CII 

icon 

2 ; 3 — Dibromo-hcxahydro- A *.* Dihydro- 

terephthalic acid. terephthalic acid. 


'S,J 

Aoon 


!HBr 


r/ 


(^n 




fi Y— Dihroin- 
adipic acid. 


y 

COOH 

Maconlc 

acid. 


And yet a further analogy exists between the gradual reduc- 
tion by nascent hydrogen of tetrahydroterephthalic acid and 
of the fatty muconic acid : — 

(["OOH 



CH 

CH 




'cn 



c: 

C’OOII 

tooH 

CH 

iooH 

A'.* Dihydro- 

A* Tetrahydro- 

Hexahydro- 

terephthalic acid. 

terephthalic acid. 

terephthalic acid 

yoOH 

^OOH 

COOH 


H CH 




T 


CH 

1 

%a'“= 

1 

c*'oon 

COOH 

COOH 

Muconic acid. fiy- 

-Hydromuconic acid. 

Adipic acid. 


And yet again, A® tetrahydroterephthalic acid and the fatty 
j3y-hydromuconic acid undergo a precisely similar molecular 
txansformation when boiled with caustic soda — 



A • Tetrahydro- A ' Tetrahydro- fi y— Hydro- m /l-Hydro- 

terephthalic acid. terephthalic acid. muconic acid. muconic acid. 


Also when these di- and tetra-hydro compounds are oxidised with 
permanganate, the ring is broken at the double bonds, just as in 
the case of unsaturated fatty substances. 

P 2 . 
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And how doselj the properties of these compounds resemble 
those of the corresponding fatty substances is evident from the 
following tabular comparison of a few selected substances : — 



3 o-coon 

C-COOH 
is 

A' tetrahydrophthalic acid. 


CHs ^-COOH 
CHu^ O-COOH 

o'-diethylmaleic acid. 


Transformed into the anhydride 
when heated moist on the water-bath. 

The anhydride volatilises readily 
when heated on the water-bath. 

The anhydride does not com- 
bine with bromine at the ordinary 
temperature. 

llie methyl ester readily com- 
bines with bromine. 

Not reduced in the cold by 
sodium amalgam, but if boiled 
for four hours yields hexahydro- 
phthalic acid. 


Exists in the free state only as 
the anhydride. 

The anhydride volatilises readily 
when heated on the water-bath. 

The anhydride does not com- 
bine with bromine at the ordinary 
temperature. 

The methyl ester readily com- 
bines with bromine. 

Not reduced in the cold by 
sodium amalgam, but if boiled for 
several hours yields diethylsuocinic 
acid. 


CH2 

C-COOH 
C-COOH 

A} tetrmhydrophthalic acid. 



Melts at 120**, becoming con- 
verted into the anhydride, wMch 
melts at 74^ 

Converted when heated with 
aqueous potash into 


CH2 

CH2I 


0 


CH.COOH 

^C-COOH 


A* tetTahydrophtlialic acid. 


n 

c 


"^-COOH 
l-COOH 




Citraconic acid. 

Melts at 80**, becoming con- 
verted into the anhydride, which 
melts at 7^ 

Converted when heated with 
water at 150* into 



Itaconic acid. 


This acid, when treated with 
aoetyl chloride, gives an anhydride 
melting at 79**. 

The acid melts at about 215**, 
losing water and forming the an- 
hydride, which at this temperature 
is converted into the anhydride of 


This acid, when treated with 
acetyl chloride, gives an anhydride 
melting at 68*. 

The acid melts at about 161* ,* 
when distilled under atmospheric 
pressure, it, as well as its anhy^de. 
IB converted into the anhydHde of 
citraconic acid. 
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And geometrical iaomeiism, t 0 O| of the kind which exists in 
the fatty series between fdmaric and maleic acid (see Year- 
Book ” for 1891, p. 211), also exists among the redaction products 
of benzene, as, for example, between the two hexahydroterephthalic 
acids ; the properties of these are compared below with those of 
fumaric and maleic acids. 

In the solid formulae given for hexahydroterephthalic acid 
the carbon atoms of the ring are represented by tetrahedra, at the 
angles of which are the groups to which they are united. In one 
form both COOH groups are on one side {cis) of the plane in 
which the carbon atoms lie, in the other form one is on one side 
and the other on the other side (trans). 



Crystallises in short prisms. 
When heated sublimes, and 
melts at 300°. 



Maleiuoid r-cls, or cis hexahydro- 
terephthalic acid. 


Crystallises in large plates. 

Melts at 161°-162°. 

Much more soluble in water 
than the fumaroid form. 

Transformed into the fumaroid 
form when heated with hydro- 
chloric acid. 


Crystallises in small prisms. 
Sublimes at 200° when heated 
in a current of air. 



U 


Maleic acid. 


Crystallises in large plates. 
Melts at 130°. 

Much more soluble in water 
than fumaric acid. 

Transformed into fumaric aoM 
when heated with hydroohlorio 


acid. 

Hexahydrophthalio acid also exists in two forms, thus 
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exhibiting a geometrical isomerism which finds its analogue in 
the fatty series rather in the isomerism of the fumaroid (optically 
active) and maleinoid (inactive) configurations of cr-dimethyl- 
sucoinic acid, than in that of fumaric and maleic acids. 


Hexahydrophthalio acid. 



Melts at 215®, and when treated 
with acetyl chloride forms an an- 
hydride, which melts at 140® and 
when heated is transformed into 
the anhydride of the maleinoid 
form. 



Melts at 192® ; its anhydride 
at 32®. 

More soluble in water than the 
fumaroid form. Transformed into 
this latter when heated with hydro- 
chloric acid. 


(r-Dimethylsuccinio acid. 



Melts at 192®, and when treated 
with acetyl chloride f.orms an an- 
hydride which melts at 88® and 
when heated is transformed into 
the anhydride of the maleinoid 
form. 



Melts at 120®-! 23®; its anhy- 
dride at 87®. 

More soluble in water than the 
fumaroid form. Transformed into 
the latter when heated with hydro- 
chloric acid. 


It will thus be seen that a very close analogy exists between 
the reduction products of terephthalic and phthalic acids and 
fatty compounds. Just as in the fatty series we pass from a 
saturated to an ethylene, and from an ethylene to a diethylene 
derivativei so we pass from a hexahydro- to a tetrahydro-, and 
from a tetrahydro- to a dihydro-phthalic ,acid. But the change 
from a dihydro-phthalic acid to phthalic acid is of a different 
kind, and the resulting phthalic acid has not the character of a 
tri-ethylene derivative. It is possible, on the assumption that 
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this change does resemble that from a hexa< to a tetra-, and from 
a tetra* to a dihydro-acid, to calculate approximately the proper- 
ties of phthalic acid (1) if the two C atoms to which the two 
COOH groups are united are joined by a double bond, and (2) 
if they are joined by a single bond. The properties of the real 
acid, however, do not agree with those of either of these hypo- 
thetical ones, but are intermediate in character. The change 
from a dihydrophthalic acid to phthalic acid does not, therefore, 
consist in the introduction of a third double bond. As before stated, 
Baeyer inclines totheviewthat phthalic acid*contains para-junctions. 

Here the matter at present rests. The constitution of benzene 
itself is still undetermined ; its reduction products, however, have 
been shown to exhibit a complete analogy with fatty compounds, 
saturated and unsaturated. 

(Baeyer, “The Constitution of Benzene,” Annalerif ccxlv. 
103, cclL 257, cclvL 1, cclviii. 1, 145, cclxvi. 169, cclxix. 145.) 

Benzene derivatives. 

Svbatitution in benzene derivatives, — Crum Brown and Gibson 
{J. Chem, Soc,^ 1892, 367) give the following rule. If the radical 
already present in the benzene molecule forms with hydrogen a 
compound that can be converted by direct oxidation (t.e., oxida- 
tion in one step) into the corresponding hydroxyl compound, 
then, by a further substitution in the benzene molecule, a meta 

i m) derivative is formed ; in the opposite case, ortho and para 
o — p) derivatives. In the following table A is the mono- 
substituted benzene derivative, B the substituting group in it, C 
is the compound of B with hydrogen, and is furnished with an 
asterisk in those cases in which it cannot be converted by direct 
oxidation into the corresponding hydroxyl derivative D. In these 
cases A yields, as column E indicates, ortho and para derivatives 
on further substitution ; in the other case meta derivatives. 


A 

B 

C 

» 1 

1 

C,HsCl 

.Cl 

HCl* 

! 

HOCl 

O^Jf 

C,H.Br 

.Br 

HBr* 

.HOBr 

o-~p 

C,H,CH, 

.CHa 

HCHa« 

HOCHa 

o-p 


.NHa 

HNH/ 

HONH. 

0-p 

C,H,OH 

.OH 

HOH* 

HO.OH 

0-p 

C,H,NO, 

.NO« 

HNO. 

HO.NOj 

m 

C»H,CC1, 

.CCL 

HCCla* 

HO.CCla 1 

1 o-~p 

C,H,CO,H 

,COM 

HCO.H 

HO.CO.H 

m 

C,H,CIO.OH 

.CO.OH 

HCO.OH 

Ho.co.oH : 

fn 

aH,80,.0H 

.SO,.OH 

HSOa.OH 

HO.SO^OH j 

m 

C,H,CO.CH, 

.CO.CHa 

HCO.CH, 

H.CO.CH, 

fi* 

C,H,CH,OO.OH 

.CHa.CO.OH 

H,CHt.CO.OH^ 

HO.CHj,.COOH 1 

1 
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Bdidpf {Ber.^ xxiv. 3771} has shown that if a halogen atom 
exists in a benzene ring in which there are two negative groups^ 
like or unlike in the ortho and para position relatively to this 
atom, then other groups, such as .NH, .NHR, and .OH, can 
easily be substitute for the halogen, but if only one negative 
group is present, no such replacement occurs, except when this 
one group is .NOg. The negative groups may be .NOn, .SOoH, 
.OOOH, .CO.R, or .CO.H. 

CBaos (J. Pr. Chem, [2], xliii. 355, cp. Schopf, jSer., xxiv. 
3766, 4252^ finds that when haloid-derivatives of benzene are 
treate with an acid chloride, R.COCl, the group .CO.R goes in 
the para position relatively to the halogen atom. 

HaeaBsermaxi and Beck (JSer., xxv. 2445) show that when ortho- 
nitrotoluene is chlorinated at 120-130® in presence of sulphur, 
orthonitrobenzyl chloride is formed, the halogen Substituting in 
the side chain. 

Isomeric change, — When bromine is added to a boiling 
solution of metodichloroquinone, dibromo parodichloroquinone is 
obtained ; possibly a tetrabromo addition product is formed as an 
intermediate stage. (Ling, J, Chevi, Soc,, 1892, 570.) 

Injluence of CH 3 group in the ortho position on the character 
of Aromatic Amines , — According to Bosenstiehl (Comptes Rendvs^ 
cxv. 180), a CH 3 group in the ortho position to the N atom gives 
a secondary amine certain characters of a tertiary one, a tertiary 
amine with free para position the chamcter of a para-substituted 
amine, and a para-sul^tituted amine that of an unsymmetrical 
diamine. 


3:4 - CeH 4 (CH 3 ).NHCH 3 behaves like 

?eH,(CH,).NCCHp2 v 
1:3:4- nh;.c;h;(ch;).n(ch3)2 „ 


C.H 3 .N(CH 5 , 

1:4 - CH8.CeH4. 

- NH-.C.H4.N(CH,): 
1 :4-NH{CH3).C4H4.N(CH,)a 


Action of arsenious chloride on tertiary aromatic amines , — 
MioliaaliB and Bcbenk (Ber,^ xxi. 1497, AnnaUn^ cclx. 1) found 
that when phosphorous chloride, PCI 3 , acts upon dimethylaniline 
in presence of aluminium chloride, a H of the benzene ring is 
replaced by PClg, (CH 3 ) 2 N.C^H^.PCl 2 being formed. Mioh^is 
and Rabinerson {AnnaXen^ cclxx. 139) now find that arsenious 
chloride, ASCI 3 , reacts even more readily, no aluminium chloride 
being required, and forms the compounds dimethylaniline chlorar- 
sine, ( 063)2 N.CgH^.AsClg, and tertiary arsenodimethylaniline, 
[(CHj)^ N.C^H^.jjAs. Both of these have basic properties, but 
the former also dissolves in alkalies, forming salts corres- 
ponding to the oxide (CHs) 2 N.C«H 4 .A 80 . This oxide yields the 
corresponding chloride, bromiae, iodide, and sulphide, and. 
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when reduced with sodium amalgam, arsenodimethylaniline 
[(CHg)2N.OgH4.As]3. The analogous ethyl derivatives were also 
prepared. 

Addition products of nitriles . — It has been shown by Bilts 
{Ber.y XXV. 2533), especially in the case of aromatic nitriles, that 
the addition products with 2 mols. HI are amido-iodides, e.g . — 

CeH5.CN + 2HI = CeH5.CI2.NH2 

Benzonitrile Benzaniido-icKlide 


The amido-iodides are solid substances, melting above 100"' with 
decomposition, and decomposed into nitrile and hydriodic acid by 
distillation, or by treatment with water. 

Diazo compounds. — To determine whether the products of the 
action of diazobenzene chloride on phenols are to be regarded 
as 

hydroxyazo compounds quinonehydrazones 

e.g., HO.CeH^.N : N.CgHj e.g., O : CgH^ : N.NH.C6H5 

Jacobsen and Fischer (^Ber.^ xxv. 992 ; cp. Goldschmidt and others, 
Ber.^ xxiii. 487, and xxiv. 2300) have investigated the reduction 
of the ethyl ether of parahydroxyazobenzene. They find it to 
have the hydroxyazo constitution C2H50.CgH4.N : N.C^H-, for 
it yields, when reduced, paraphenetidine, C2H50.CgH^.NH2, and 
aniline NHg-CgH.. Other pr^ucts were also obtained, but these 
we cannot discuss here. 

Sy^Uhesis of diphenyl derivatives from diazocompounds . — 
Henslor [Annalen^ cclx. 227) observed that when diazoamido 
benzene, CgHg.N : N.NH.CgH- is heated, diphenyl, and para- 
and ortho-amido diphenyl, CgHj.CgH^.NH^, are formed together 
with other products. Hirsch {Ber.j xxiii. 3705) found that, when 
diazobenzene is heated >vith phenol, ortho- and para-hydroxy 
diphenyl are formed, and when it is heated with aniline, ortho- 
and para-amido diphenyl. (Ber., xxv. 1873.) 

Action of diwxbe'nze'ne on nuxlonic acid . — It appears that in 
a hydrazone in which the group CgHg.NH.NrsC^ is combined 
with .H, .COOH, or ,CO.R, each of these latter groups is re- 
placeable by the action of diazobenzene in alkaline or acetic 
acid solution. Take the case of malonic acid. 


„ ^ ^OOH 
NCOOH 

lualonic acid 


C,H5,NH.N : C<COgH 

beuzenehydnuEoiiialonic acid 


C,H,.NH.N 

fonnaigrl carboxylic acid 


OgHs-NaN 


yN : N.CgHg 

^ % : N.CgH. 


formazyl aaobenicnc 
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By the action of diazobenzene upon its estw beiizenehydrazo* 
malonic acid is formed. If the acid itself be used, formai^l 
carboxylic acid is obtained, together with formazyl, 

OeHjNHN : C 


which can also be got by heating its carboxylic acid. The 
latter can also be obtained by the action of diazobenzene upon 
the ethyl-hydrogen salt of benzenehydrazotnalonic acid, carbon 
dioxide being driven off. By the further action of diazobenzene 
upon formazyl or its carboxylic acid, formazyl-azobenzene is 
obtained. Analogous reactions were observed in the case of 
similar compounds. These azohydrazones are mostly dark- 
red, well-crystallised substances, readily soluble in benzene 
chloroform, and acetone, less so in other solvents. They 
possess but feeble basic and acid properties. With concen- 
trated sulphuric acid they give blue solutions which, on dilution, 
become red, and then colourless. On reduction they yield 
colourless hydrazones. (Pechmann, J?en, xxv. 3175.) Formazyl 
carboxylic acid can also be obtained by the action, under certain 
circumstances, of diazobenzene on ethyl acetacetate — 




CH, 


!ooa,H. 


under other circumstances ethyl benzene 


azoocetacetate C6H..NH.N : C <^00aH. 

3201, 3539, 3547.) It has 


(Bamberger 


Ber,^ xxv, 

(^j^alioenoB and Jenaen, Ber,^ 

diazobenzene on 


also been obtained 
xxv. 3448, 3456) by the action of 

ethyl oxalylacetate Hj>C ^ py 

the action of diazobenzeiie on the hydrazones of benzaldehyde and 
glyoxylic acid formazylphenyl and forinazylazobenzene were 
respectively prepared. 

Condensation of jihenols tvith nnsainrated hydrocarbons^ with 
hetonss — Phenol, in the presence of strong sulphuric acid and 
acetic acid, forms condensation products with isoamylene, 
cinnamene, dihydronaphthalene, and terpene in the following 
manner : — 

HO.C,H7.H + C5H,o=HO.CeH,.C,H,i 

phenol ieoamylene p«ra>isoauyl phenol 


Pyrocatechol, resinorcinoh and quinol yield di-isoamyl deriva- 
tives ; pyrogallol also yields a di- and not a tri-isoamyl 
derivative. (Blotnigs, jJer., xxiii. 3144, xxiv. 179, 3889, xxv. 2649.) 



OMAVic oamunwt. 


Fhenoli in the pr ai ro o of fiuniiig hjdrodilorio**M» •OBdtBOii 
thos with fatty aromatic ketonca 



H>CoHyOH TT ^ J 



and the resulting produc^ when fused with an alkali^ or treated 
with strong hydrochloric add, yield a para-substituted phenol 
CHR2.CeH4.0H(p), and quinol HO.C<jH^.OH(p.). (Diaaiii, J. 
Jtuss. phjfB, chefti* Soe*f 1891 [1], 488, 523, 601.) 

/3-naphthol condenses with formaldehyde, forming /3-di- 
naphtholmethane (Abel, Ber., xxv. 3477), 

CHgO + 2 HC,oH60H=H20+ CH2(€i(^«OH)2 
Synthesis of the sixth dihydroocytoluene^ CH^.CgHg.(OH )2 
[CHj : (0H)2=1 : 2 : 31. This was accomplisbed by converting 
amido-methoxycresol [CHg : OCH3 : NH^rrl : 2 : 3] by the diazo 
reaction into the methoxycresol [CHg : OCH3 : OH=l : 2 : 3] 
and heating this with hydrochloric acid. It differs from isorcinol 
to which Beilstein assigns the 1:2:3 formula; this latter is, 
probably identical with one of the other isomers. A table of the 
six dihydroxytoluenes is given below. 


Name. 

Cresorclnol. 

Bjrmmetrical Ortho-ortho* 
(meta) : dihydroxy- 
orcinoL j toluene 

Hydrotolu- 

quinone 

Homo- 

pyro- 

catechol. 

Isohomo- 

pyro- 

catechoi. 

CH,:(OH)s= 

= 1:2:4 

1:3:5 

1:2:6 

1 :2:5 

1:3:4 

1:2:3 

VI, p. 

103-104*^ 

0 

r- 

0 

63-66° 

124” 

Syrup 

47” 

hp. 

267-270’’ 

287-290” 


— 

— 

238-240” 

Colour i 
with FeCJs ' 

i 

i 

Greenish- 

blue 

Violet- 

black 

I 

Brownish- 

red 

Green 

Green 


(Limpaoh, Ber., xxiv. 4136.) 

Lhmiiin^ CgH.^ | A substance melting at 147*5* 

obtained from the fruit of the lime. 2 H-atoms can be replaced by 
Br, 3 by Cl, or 2 by Br and 1 by Cl simultaneously, and 1 by NOo. 
Permanganate oxidises it to oxdic acid and some acetic, chromic 
acid to carbon dioxide and acetic acid. With hydriodic acid 

C 

2 mols CH3I are formed. It probably contains a 

C 

groupi for moderately strong sulphuric acid converts it into a 








m nAMwox or ttSkKoii. 


mImImbm whkli gives a disoetyl derivative, and henoe oontains 
O— -OH 

the group Chem. Soe., 1892, 344.) 

MyrtMticin, obtsined fiom nutmeg oil and mace oil, baa been 
isand to be oxymsthylsnemethozybutenylbenzene, 

CH*<^O^OOH^O«Hr When oxidised with peimanganate 
it yields myristio aeid OH,<^Q,Hg(OCH,).COOH, in which 


the oiiy me t h sl ene and methyo^l groiqw occupy tiie positions 
3 : 4 : fi, the eerboi^l (ai^ consequently the bntenyl in 
wyiisUcm) being in 1, hv the add when heated with faydtiodio 
a^ yields gsllie add [OOOH : : S : 4 ; 6]. (Baanste, 

xxiii. 1803, zxiv. 3818.) 

Mdttnff-po^ qf Pyngmd . — ^^yrogallol may be obtained 
ysDPS by heating gallic add with ai^ine or other aromatic 
Mass ; it metta at 132**, not at 116° as usually given. (Casnsuv^ 
C ompt ei Sendu^ ear. 1486.) 

An aromatio tuyar . — ^The first sugar containing an aromatic 
radical has been prqtared ; it is phenyltetrose^ 

0«H, CH0H.CH0H.CH0H.CH0. See p. 216. (B. Flseher. 

zxv. 2565.) 

Quinitol, the simplest suyar of the InosiUA group. — By 
hydroludng ethyl succinosucdnate paradiketohexamethylene is 
obtained, and this, when reduced, yields a paraglycol, quinitol, 
apparently in two geometrically isomeric forms. Quinitol melts, 
trans- at 142-149°, cis- at 89-90, sublimes unchanged, dissolves 
readily in alcohol and water, and tastes at first sweet, afterwards 
bitter.' It yields a diacetyl derivative, and when oxidised gives 
quinone. 


CO 


CO 


OOOCjH, CHjj^^C 

COOCtH, CH:k.^^ic 

pmdiketohoxaniethylene 


) CH2 
OHs 


CO 

ettijrl sucfino saccioato 



Bydrohenzoic acids . — ^Tbose enumerated below have been 
fmqwred by methods similar to those employed by Baeyer in the 
case of the bydro-phthalic and terephtbalic adds (see p. 226) ; 
with these latter acids they exhibit great similarity, (dsthan, 
Bsr.y xxiv. 1867, 2617, xxv. 886, and MaAcwnUraff. Ber.. 

870, 3866.) ’ 
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BabBtanoe which gives a diaoetyl derivative, and hence contains 
C— OH 

the group I , (nidsn, J. Chem. Soc., 1892, 344.) 

0— OH 

Myriaticin, obtained from nutmeg oil and mace oil, has been 
found to be oxymethjlenemethoxybutenylbenzene, 

CHj ^ 4 ^- When oxidised with permanganate 

it yields myristic acid OHg CeH 2 (OCH 8 ).COOH, in which 

the oxymethelene and methyoxyl groups occupy the positions 
3:4:5, the carboxyl (and consequently the butenyl in 
myristicin) being in 1, for the acid when heated with hydriodic 
acid yields gallic acid [COOH : (OH)g=l : 3 : 4 : 6]. (Bemmler, 
J8cr., xxiii. 1803, xxiv. 3818.) 

Melting-point of Pyrogallol , — Pyrogallol may be obtained 
pure by heating gallic acid with aniline or other aromatic 
bases ; it melts at 132°, not at 115° as usually given. (CaienenTe, 
Comptes Rendue^ cxiv. 1485.) 

An aromatic sugar . — The first sugar containing an aromatic 
radical has been prepared ; it is phenyltetrose, 
OgH5.CHOH.CHOH.CHOH.CHO. See p. 216. (E. Fischer, 

Ber.^ XXV. 2555.) 

Quinitol^ the simplest sugar of the hiositol group. — By 
hydrolising ethyl succinosuccinate paradiketohexamethylene is 
obtained, and this, when reduced, yields a paraglycol, quinitol, 
apparently in two geometrically isomeric forms. Quinitol melts, 
trans> at 142-149*", cia- at 89-90, sublimes unchanged, dissolves 
readily in alcohol and water, and tastes at firat sweet, afterwards 
bitter. It yields a diaoetyl derivative, and when oxidised gives 
quinone. 



ethyl saccino succinate paradiketohexamethylene quinitol 

Hydrobenzoic acids . — Those enumerated below have been 
jpmpsied by methods similar to those employed by Baeyer in the 
case of the hydro-phthalic and terephtbalic acids fsee p. 225 ) ; 
with these latter acids they exhibit great similarity. (Asehaa, 
Ber., xziv. 1867 , 2617 , xxv. 886 , and Karkowaikoff, Ber,, xxv. 
$70, 3355 .) 
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Hydrobenzoic Acids. 

Dihydro- 

AI.8 

Tetn3 

A> 

lydro- 

A* 

Herahydro- 

m.p 

b.p 

73® 

Oil. 

235-236® 

i 

] oa [ 

28® 

232-233® 


Hydrophthalic acids. — (Baeyer, Annalen^ cclviii. 145, cclxix. 
145 ; see also p. 228.) All the theoretically possible acids, with 
the exception of cis- and trans- tetrahydro, and and 
dihydro-phthalic acids, have been prepared. It will be re- 
member^ that all the possible hydropierephthalic acids were 
obtained. 


Didyhydro- 



A 1.4 

A2,4 

. A2, 6 1 

Trans AS* & cis. 

Acid 

153® 

179-1 so- 

216- 

210® 

I 

! 173-175' 

Anhydride 

134-135® 

los' 

1 

81-82’ ' 

1 

— 

99-100’ 

i 


m.p. 

Tetrahydro- 

1 Hexahydro- 

Ai 

i 

Trans. 

cis. 

Trans. \ 

Cis. 

Acid 

120® 

215® 

218® 


174® 

221' ! 

192® 

Anhydride 

74® 

78-79® 

140® 


58-59® 

140® j 

#2* 


Syniheaia of Hexahydroterephthalic Acid. — (Madwiuie and 
W. B. PwUn. Jun., J. Chetn. Soc., 1892, 172.) The foUowing 
are the stages : — 

2(CXX)C,Hj)gCHNa + Br.CH 3 .UHj.Br 

ethyl eodioiiuloiiate ethylene bromide 

=NaBr + (COOCjHj) 3 CH.CH 3 .CH 3 .CH(OOOC^,), 

ethyl bnUnetetraoerboxylftte 
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(COOC^s),C CXOOOCjHj), + Br - CH*.CH, - Br 

ethyl ftodio*batanetotracArboxylAte ethylene bromide 

= 2NaBr + (COOCjHj) 3 C 0(COOCaHj)3 

ethyl hexamethylenetetracarboxyUte 

( 3 ) 

(COOH)gC<^®«-Qg^C(COOH)j when heated at 200-220° 

hexamethylenetetracarbozylic acid 

= 2COj + COOH.CH 

hexahydroterepbtltalic acid (»a. p. 159-162^ 

In a similar manner, starting from ethyl pentanetetracar- 
boxylate and methylene bromide, or propanetetracarboxylate and 
trimethylene bromide, hexahydroisophthalic (hexamethylene 
metadicarboxylic) acid can be obtained. In this case both 
the cis and trans varieties are obtained ; in the case of hexa- 
hydroterephthalic acid certainly the trans, and probably the 
cis also. 

Syntheses of benzene derivatives, especially of 1 : 3 : 5 — 
triphenylbenzene, have been accomplished, starting with deriva- 
tives of acetophenone. {Delacre, Acad, roy, de Belgique [3], xxiL 
470 ; abstract in J, Chern, Soc, Abstr., 1892, 993.) 

Naphthenes, — A general paper by Markownikoff has appeared 
on these hydrocarbons (J, pr, Chem, [2], xlv. 561 ; xlvL 86, and 
J, Russ, Chem, Soc,, xxii. 275.). The naphthenes CnHjn are to 
be regarded as identical with hexa-hydrobenzene and its homo- 
logues. They are saturated comjxiunds ; their monobromo deriva- 
tives lose HBr, etc., and form naphthylenes C„H 2 n_a, a class of 
unsaturated hydrocarbons to which belong the tetrahydrobenzenes, 
and several hydrocarbons obtained by distilling camphor, etc. 

[her,, xxiv. 2618) did not find naphthene carboxylic 
acid to be identical with hexahydrobenzoic acid. (Cp. Markow- 
nikoff, Bet,, XXV. 3355.) 

Synthesis of dihydrobenzene (Basyer, Ber,, xxv. 1840). — ^When 
quinitol (see p. 236) is treated with HBr, OH is replaced by Br, 
two geometrically isomeric paradibromohexamethylenes are 
formed. If these are heated with quinoline, 2HBr is lost and 
dibydrobenzene, either or A^*^ is formed. This hydro- 
carbon, from its properties, appears to be the simplest member of 
the group of terpenes to which limonene belongs. It unites with 
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2HBr, 4Br; the tetrabromide is recoA verted into the hydro- 
carbon by zinc dust and acetic acid. It reduces pennanganate. 

Syntnena of diJvydropaa'axylene (BS^er, Ber,^ 3pcr, 2122). — 
If the sodium derivative of ethyl succinosuccinate (see p. 236) is 
treated with methyl iodide, ethyl dimethylsuccinosuccinate is 
formed. This can be converted into dihydroparaxylene, probably 
in the same way as ethyl succkiosuccinate into dihydro- 
benzene (see above). Dihydroparaxylene is an unstable substance 
boiling at 133 — 134®, and having the odour of turpentine; it 
reduces permanganate and forms l^th addition and substitution 
products with bromine. It is probably a terpene of the limon^ene 
series. 

Terpenea. 

A vast amount of literature on this subject has appeared 
during the past year, chiefly in the Berichte and Annalen^ and to a 
less extent in the Comptes Jtendus. It is largely of a polemical 
character, and the controversy between Wallach and Briihl 
culminates (fler., xxv. 2087) in a criticism by the latter of 
Wallach’s arguments and polemical methods — an aggressive 
criticism of a somewhat personal nature, and altogether of a kind 
to which chemists, in these peaceful latter days, have grown 
unaccustomed. As nothing conclusive has b^n arriv^ at 
regarding the constitution of any terpene derivative, we shall con- 
fine ourselves to noticing a few of the more interesting facts 
discovered, merely remarking, as regards theory, that Brnhl has 
suggested xxiv, 3373) a tetramethylene formula for cam- 

phoric acid, and a di-tetramethylene one for camphor; Collie (5er., 
xxv. 1108) has proposed a tri-tetramethylene formula for cam- 
phene, and a combination of a hydrogenised benzene ring with a 
tetramethylene ring in the case of borneol, camphor, etc. ; Odde 
{Gazzettay xxi [2], 505) represents camphor as containing two 
hydrogenised benzene rings imited in the meta position ; Friedel 
{Comptes Rend'iiSy cxiii. 825 ; cp. Bruhl, Ber.y xxv. 1788) accepting 
Kekul<^’s formula for camphor, regards camphoric acid (isocam- 
phoric acid) as a keto-hydroxy-hex^ydrocuminic acid ; Caseneave 
{Comptes JRenduSy cxv. 825), having obtained a substance — 

C„H, (NH.) (OH) (CsH,) [1:3:4] 

indirectly from camphor, thinks that the latter must contain a 
paracymene nucleus ; and Stohmaim and Kleber (J. pr. Chem. [2], 
xlv. 475) show that the heat of combustion of camphoric acid 
agrees best with that required by Armstrong’s formula, which 
represents the acid as a hexamethylene derivative. 
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Fmchone (WalUoli, Annalen^ cclxix. 326; oolxxii 108; cp. 
“Year-Book*' for 1891, 237). New derivatives of+fenchone have, 
been prepared, and the missing ^fenchone has been discovered in 
Thuja-oiL The derivatives of this latter substance melt and boil 
at the same temperatures, and have the same specific gravities and 
refractive indices as the corresponding derivatives of +fenchone; 
they have also a specific rotatory power equal in magnitude but 
opposite in direction. And the two series of derivatives are 
related to each other as the two active tartaric acids to racemic 
acid ; if equal quantities of a + and — derivative are mixed, the 
product is inactive, and melts at a different temperature from the 
original substances. Some of these fenchone derivatives are 
tabulated below: — 


Melting point. 




Active. 

Inactive. 

Fenchone, CjoHieO 

I 

+ G6-9-71*8° 

5“ 


Alcohol, CioHjyOH 

Oxime, Ci<,Hj,,NOH 

1 +10‘3° 

40° 

33-35° 

; 4-48-66‘‘ 

160-161° 

158-lBO' 

o^Isoxime 

1 + 

114-115° 

98-99° 

/S'lsoxime 

± 

137° 

160-161° 

Fenchylamine OjoHirNHg ... 

1 +24-6’’ 

Liquid. 

... 

BenzyUdene - fenchylamine 
cACH=N.CioH,7 ... I 

+62'!° 

42° 

Liquid. 

Orthohydroxy- „ ' 

C0H4(OH)CHzz:!N,C20Hj7.., j 

t + 

1 

95* 

64-65* 

Phenylfenchylsulphurea 
NH(C4H4 ).CS.NH.CioHi7 .. 

1 

■ 

1 

1 

152-153° 

^ 169-170" 


Thujaoil also contains thujone^ a liquid boiling at 

210 — 212'', and apparently an uiisaturat^ compound. When 
treated with ammonium formate this yields (Jivjonamine^ 
boiling at 198 — 199", the hydrochloride of which, 
when neated, splits into ammonium chloride and a hydrocarbon 
thujene^ apparently possessing the constitution but having 

none of the properties of a terpene. It boils at 172 — 176", has 
sp. gr. 0*84:0 at 20" and n„=: 1*4761. ThujonO, when oxidised 
with permanganate, yields two isomeric thujoneketonic adds, and 
melting at 76 — 76", smd /3", at 78—79", The latter, when 
distill^, yields methylheptylene ketone, CHg-CO’OyHi^. 

TanaceUme^ = CgH^-CXD-CHj, is a camp&or-like 

substance occurring in the oils of tansy {Timaceivm vulgar$\ 
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sage, absinth, and thuja, and probablj has the constitution given 
below^ It is an oil boiling at 84*5° under 13 mm. pressure, 
dissolves in alcohol and ether but not in water, has sp. gr. 
= 0*9126 at 20% n^ = 1*4495, and rotation = + 38^® inalen^h 
of 2 dm. It gives the usual derivatives, and the hydrochloride 
of the amine CgH| 3 *CH(NH 2 )*CH 3 , itself prepared by reducing 
the oxime 0 gHi 3 * 0 ( : NOH)*CH 3 obtained directly from tan- 
acetone, yields a terpene, ianacetenej CjoHjg, when distilled. 
This boils at 60 — 63®, under 14 mm. pressure, has sp. gr. =0*8408 
at 20®, n|,=aB 1*476, and seems to contain 2 ethylene-bonds. When 
treated with alkaline hypobromite tanacetone yields bromoform 
(reaction for *CO*CH 3 group) and tanacetogenic acid, CgHjg'COOH. 
When oxidised with permanganate it yields tanaceto-carboxylic 
acid in two (physically ?) isomeric modifications, identical 


yCH2C(CH3)2V^ 

- Ch/ 


COOCHo 


tanacetone 



CHgCHCOOH 

tanacetocarboxylic acid 


with the a and /3 thujoneketonic acids of Wallach (see preceding 
paragraph). If this acid is treated with hypobromite, bromoform 
is obtained, and the *CO‘CH 3 group is converted into *COOH, 
tanacetogenic dicarboxylic acid being formed. . This, when fused 
with potash, yields pimelic acidCOOH*CH 2 *CH(CH(CH 3 ) 2 )*COOH. 
When distilled with soda-lime it yields tanacetophorone, a keto- 
pentamethylene derivative. For- 
mulse for several other terpene 
derivatives are also proposed in I 

this paper, (Semmler, JScr., xxv. 

3343, 3513.) 

^ Puleone^ an isomer of camplwr. — Puleone, CigHigO, is the 
chief constituent of x>il of pennyroyal {Mentha ptdegium). It is a 
colourless liquid with an odour of mint, .boils at 222 — 223®, has 
sp. gr. 0*9482 at 0® and 0*9293 at 23®, [a] D=-h25*25, n,= 1*4283 
and nb= 1*4997. Chromic acid oxidises it to carl^n dioxide, 
acetic acid, an4 propylsuccinic acid ; phosphorus pentachloride 
converts it into a liquid, C^qH^^CI, which when boiled splits into a 
cymene, and HCl ; it forms no additive pit^uct with 

bromine. ^Barbrer, Comptes Rmdwy cxiv. 126 ; cp. Bednnanu and 
Fleissaer, Anncden^ cclxii. 1.) When oxidised with permanganate it 
yields/?.methyladipicacid,COOH*0H2*CH2-CH(CH3)*0H3OOOH. 
(Benmler; jS^r., xxv. 3516.) 

Menthol^ CiqH^^OH, can be converted by phosphorus penta* 
% 


J{:C{CK,),). 

CHjy 

tanacetophorone 


>co 
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chloride into menthene, C^o^iS’ '^hicb, with the same reagent, 
yields a chloride, C^QH^yCl, ana this, when reduced by heating 
with phosphorus and nydriodic acid, yields menthonaphthene. 
Menthol has thus been shown to beconnected with the naphthenes ; 
^e particular naphthene obtained from it must have a ring of 6 
carbon atoms, since menthol can be converted into cymene. It is 
also related to the terpenes, for ter|>eno hydrate yields an 
alcohol, CjoHijOH, much resembling menthol, and from menthol a 
hydrocarbon, }x>ssessing the properties of a terpene, has 

b^n obtained. (Berkenheim, ^ar., xxv. 686.) 

TetraJiydropinene^ has been obtained by heating 

pinene hydrochloride with phosphorus and hydriodic acid ; it is 
probably hexahydrocymene. (Wallach and Berkenheim, Annalen^ 
ccIxviiL 225.) 

The constitution of some terpenes has been investigated by 
spectroscopical methods. (Brlihl. Ber.^ xxv. 151.) The results lead 
to the as.sumption of one ethylene linkage in menthene, one para 
and one ethylene linkage in terebenthene (—pinene), and in tere- 
and bomeo-camphene. 

Sesquiterpenes^ — ^Wallach and Walker (dnna/en, cclxxL 

285) make a first attempt to classify these substances. They 
divide them into two groups, the members of which contain 
respectively two and one ethylene bonds. 

Cadine7ie is the most widely distributed of the sesquiterpenes, 
occurring in cadinum oil, etc. It boils at 274 — 275® ; has sp. gr. 
0*918 at 20®, n|,= r5065, and [a],)= — 98*56® ; and remains opti- 
cally active after treatment with hydrochloric acid ; it contains two 
ethylene bonds. Canjophyllene^ contained in oil of cloves, boils 
at 258 — 260°, and has sp. gr.=0*9085 at 15®, and nj,=: 1*5009. 
Under the influence of a mixture of sulphuric and acetic acids it 
takes up HoO, forming the saturated alcohol Cj^Ho^OH, which 
yields a corresponding chloride and bromide, and with phosphoric 
anhydride is converted into a sesquiterpene, — Clovene^ boiling at 
261 — 263®, with sp. gr. 0*930 at 18®, and nj,=:l’5007 ; this has 
only one ethylene bond. Another sesquiterpene is found usually 
accompanying cadinenc, and yet another is formed from ^‘patchouli 
camphor” by the loss of water. The sesquiter])enes can be 
reduced to hydrocarbons by heating them with phosphorus 

and hydriodic acid. 

Olh'er carbon eycloiila* 

Action of hypochlorous acid and hleachiruj powder op> (i-nap1dJiO^ 
quinone. — Both hypochlorous acid and bleaching powder form 
isonaphthaxarin^ melting at 276®, a dihydroxy- /3-naphthoquinone 
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resembling naphtbarazin in its properties. Under slightly 
different circumstances the 2-lactone of orthocarboxyphenyl- 
glyceric acid, melting at 204*5*", is formed. Reduced by heating 
with hydriodic acid and phosphorous, this yields orthocarboxy- 
hydrocinnamic acid ; when it is heated with hydrochloric acid, 
the 2-lactone of orthocarboxy-a-hydroxy cinnamic (isocumaro- 
carboxylic) acid, melting at 237**, is formed. When bleaching- 
powder is used, a compound intermediate between the naphtho- 
quinone and the 24actone can be isolated ; this is dihydroxydi- 
ketotetrahydronaphthalene. (Bamberger and Kitschelt, Ber,^ xxv. 
133, 888; Zincke, Ber., xxv. 399, 1168.) 

/CO . CO /CO CO /CO CO 

0,H,< I C«h/ I CgH/ I 

N:!(0H).C(0H) \CH(0H).CH(0H) 

/i-iiAphthoquiiione isonaphthazarin dihydroxydiketotetrabydronaphthalene 


f, „ /COOH 

\CH : C(OH).COOH 

orthocarboxy-a-hydroxycinnamic acid 

yCO.O 




CH:C.COOH 

£-lactone 


< COOH 

CH(OH).CH(OH).COOH 

orthocarboxyphenylglyceric acid 

/CO o 

CeH/ I 

X3H(OH).CH.COOH 

j-lactone 


Triviethylene, — Br^ {Ber.y xxv. 1952) concludes, from his 
determinations of the molecular refraction and dispersion of 
dichlorotrimethylene, that trimethylene is not an olefine, and 
that it contains no ethylene bonds. 

Closed carbon chains , — Trimethylene bromide reacts with the 
sodium compound of ethyl malonate, forming ethyl tetramethy- 
lenedicarboxylate. The corresponding acid loses CO^ when 
distilled, forming tetramethylene carboxylic acid. With this 
acid, as in the case of fatty acids, bromine forms an a-substitu- 
tion derivative, in which the Br can be replaced by OH by 
the action of potash. By treating the acid chloride with zinc 
methide, or ethide, or with benzene in the presence of aluminium 
chloride, tetramethylene-methyl, -ethyl, and -phenyl ketones are 
formed. These behave just like similar compounds containing a 
saturated fatty, in place of the tetramethylene, residue. They 
form compounds with sodium hydrogen sulphite, yield oximes 
with hydroxylamine, and secondary alcohols, and occasionally 
also pinacones, when reduced with sodium amalgam ; (when trim^ 
thylene methyl ketone is reduced, the tiimethylene ring is 
broken and propyl-methyl carbinol, CH3.CH2.CH3.CHOH.CH3, 
Q 2 



CH2.CH2Br. 

I + 

CHgBr 

trimethylene bromide 


H CH8.CHj 

ac(cooc^ iHj.i(cooCjHj)j 

ethyl maloDftte ethyl tetnunethyleuedicarli^xyUte 


CHg-OHj CEj-OHj 

Ah2.CH.COOH CH3.CH.CO.CH3 

tetramethylenecarboxylic acid tctrainethylenemcthyl ketone 


The action of propylene bromide on the sodium compounds of 
ethyl aceto- and benzoyl-acetate has been studied, and found to 
resemble that of ethylene bromide, but not to take place so 
readily. With ethyl aceto-acetate, O^.CO.CH2.COOC2H5, 
propylene bromide, CH(CH3)Br.CH2Br yields the three follow- 
ing substances : — 


CE.,GOk /CH.CH3 

)c<T 

COOC3H/ X^H, 

et hyl acetylinethyltriiriethylenecarboxylate 


COOC„H,.C:C(CH,)v 

■ ■ I >0 

CH3.CH— CHj/ 

ethyl diiiiethyldchydropentonecarboxylate 


coodn^ ch-ch(ch3).ch3-ch 

ethyl inethyldiacetyladipate 


/C0.CH3 

NCOOCjHg 


The acid corresponding to the first of these, when boiled with 
water, Joses COj, and the triniethylene ring brealcs, a fatty 
alcoliol, probably aceto-isobutyl alcohol, 

CH3.C0.CH3.CH(CH3).CH20H, 

being formed. The third substance yields when distilled : — 

CH3.C-- -C.CO.CH3 CH3.C^==^ C.COOH 

'I I and ' I j 

CH2.CH(CH3).CH3 C 00 H.CH.CH(CH 3 ).CH 3 

dimethyldiliydroiK*ntcneincthyl ketone dimethyldihydropentenedicarlioxylir acid 

In the case of ethyl benzoylacetate a product analogous to 
the first of the three substances is alone formed, and its acid, 
benzoylmethyltrimethylenecarboxylic acid, when heated above 
140 °, loses CO3 and forms, not an alcohol, but a ketone, ben- 

zoylmethyltrunethylene, CjHj.CO.Ch/ ^ Parkla, 

XCHg 

jun., and Stenhenie, J. Chem. Soc., 1892 , 67 .) 



dMAHio 24$i 

A red h^romrhon. — OcmIm (Ber., xxv, 3146) hem ocmfiimed 
the observation that dibiphenjlene, I NO : I a hydro- 

carbon, obtained by passing fluorene I yCHo over heated 

.e’en/ 

lead oxide, or by heating it with chlorine, bromine, or sulphur, is 
red in colour. It has hitherto been assumed that all pure hydro- 
carbons are colourless. 

Cycloids eontainingr carbon and other atoms. 

Syntheses of pyridine derivatives. — Collie and Myers (J, Chetn. 
Soc.f 1892, 721), by acting on triacetic lactone (“Year Book,” 
1892, 183) with ammonia, have prepared 4 : 6-dihydroxy-2- 
methylpyridine. In this the two OH groups can be replaced by 
Cl by the action of phosphorus oxychloride, and when the 
resulting dichloromethylpyridine is heated with zinc-dust. Cl is 
replaced by H, and 2-methylpyridine, boiling at 128-129® is formed. 

Gabriel (Ber., xxv. 415), starting with phenol (1) and tri- 
methylene chlorobromide (2), obtains phenyl-y-chloropropyl 
ether (3), and converts thia, by the aid of malonic acid (4), into 
phenoxypropylmalonic acid (5). This, when heated, loses CO.^ 
and forms 5-phenoxyvaleric acid (6), which, when heated with 
lead thiocyanate, forms the nitrile (7). By reducing the nitrile 
c-phenoxyamylamine (8) is formed ; its hydrochloride, when 
treated with soda, is converted into piperidine (hexahydro- 
pyridine) (9). 

(1.) C^,H50H (2.) BrOH2.CH..CH..Cl 

(3.) C0H5O.CH0.CH0.CH2CI (4.) HCH(COOH). 

(5.) c«H50.ch;ch;ch,.ch(cooh). 

(6 .) CoH 50 .ch.;oh.;ch;ch..cooh^ 

(7.) CflH50.CH;CH;CH;.CH;.CN 

(8.) CeH 50 .CH;CH;CH;CH;CH 2 .NH 2 

(9.) CH2.CH2.CH2.CH3.CH2.]^H 

Lipp (Ber.j xxv. 2190) has obtained A2-tetrahydro-2-methyl- 
pyridine by acting on bromobutyl-methyl ketone 

Br.CH2.CH2.CHo.CH2.CO.CH^ 

with ammonia. On reduction it yields 2-methylpiperidine. 

Synthesis of isoquinoline from naphthalene . — From /3-naphtho* 
quinone, itself obtained from naphthalene, orthocarboxy-o-^ 
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bydroxycinnamic acid can be obtained (p. 243). This, ^hen 
treated with ammonia, yields isocarbostyrilcarboxylic acid, which, 
when heated, yields isocarbostyril ; and this latter, when heated 
with zinc dust, yields isoquinoline. (Bamberger and Kitschelt, iJar., 
XXV. 1138.) 

isocarl)ostyrilcarl»oxylic acid isocarbostyril isoquinoliiie 


CO.NH 

CH:C.COOH 


/CO.NH 

c«h/ I C, 

\CH:CH 




CH:N 

OH:CH 


JM = UJiv 

Triazoley or Pyrrodiazohy | yN, has been pre- 

NH.CH ^ 

pared independently by Andreocci (J?er., xxv. 225) and Bladiu 
{Ber.y xxv. 174, 741). It melts at 120-121% beginning to 
sublime before melting, and boils at 260'* ; dissolves readily in 
water and alcohol, less so in ether ; has an odour of pyrrazole ; 
forms copper, mercury, and silver compounds, and a crystallised 
hydrochloride. 

N = Nv 

TetrazoUy probably I yN, has been prepared by 

NH.OH/ 


Bladiu {Ber.y xxv. 1411). It melts at 155% beginning to sublime 
before melting, and dissolves readily in water, alcohol, acetone, 
and ethyl acetate, sparingly in ether, benzene and toluene. It 
has no basic properties, but reddens litmus paper, and gives silver 
and copper compounds which explode w^hen heated. 

Pyrazolones and hojyyrazolones, — Just as from ethyl aceto- 
acetate, C(CH 3 )OH : CH.COOC 2 H 5 , and phenylhydrazone, 
NH(CgHjj).NH 2 , phenyl-methylpyrazolone is formed, so from 
/3-bromobutyric acid, CH(CH 3 )Br.CH 2 .COOH, a dihydrophenyl- 
methylwopyrazolone is obtained, which, when oxidised with ferric 
chloride, yields phenyl-methylisopyrazolone. This gives iso- 
antipyrine when the H of the NH group is replaced by CHg, 
just as phenyhmethylpyrazolqne gives antipyrine. (Ledersr, J. 
Pr. Chem, [2], xlv, 83.) 


.CO .OH 
C 6 H,.n/ II 

\NH.C(CH 3 ) 

phcnyl'methylpyrazolone 


/C(CH 8 ) : CH 

CA.N^ 

plienyl-methylisopyrazolone 


Pyrazolone itself has been prepared by heating its carboxylic 
acid, which is obtained when the hydrate of hydrazine is treated 
with ethyl oxalylacetate. 
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NHj 

''' 

bydiEzine 


OC(OOOH)-CHj .C(OOOH)'CHj 

1 =2H,0+n/ I 

)'CO NnH CO 

t»yra2okMDecu'boz]rlle leid 


HO^ 

oxalylftcetic acid 


It is a colourless oil^ boiling at 77% and having an odour of mice. 
(Bothenburg, Ber.^ xxv. 3441.) 

hidoxazems , — If an aromatic oxime has a halogen atom in 
the ortho position, this atom is given off on heating in combina- 
tion with the H of the NOH group, and an indoxazene is 
formed ; e.g , — 


CH:CHCBr HON CH:CH-OON 

I II II = HBr +1 II II 

CH : CH O C CaHj OH : CH-C-C CgHs 

ortliobroinobenzophenone oxime phenylindoxazene 


Phenylindoxazene is an unstable white solid, melting at 83® to 84“ 
and boiling at 331® to 336°. The only derivative prepared was a 
dinitro one. (V. Meyer and others, -fier., xxv. 3291, 3297-) 

Imidazole^ identical with glyoxaline . — Harckwald (J9er., xxv. 
2534) has prepared many derivatives of imidazole. Imidazole itself 
he has synthesised, and shown it to be identical with glyoxaline, 
the substance obtained by the action of ammonia on glyoxal, 
CHO. CHO. The hitherto missing experimental proof of the 
formula of glyoxaline is thus supplied : — Amido-acetal hydro- 
chloride (1), when treated with potassium thiocyanate, yields 
acetal thiourea, amido-acetal thiocyanate (2) being doubtless 
formed as an intermediate product. The thiourea, when heated 
with dilute sulphuric acid, loses alcohol and forms /l imidazolyl mer- 
captan, which, when oxidised, yields imidazole and sulphuric acid. 

(1.) NH2.CH2.CH(0C2H5)2 (2.) SCN.NHs,CH2.CH(OC3H6)^/ 

HS.C.NH.CH CH.NH.CH . 

®“WcH,.OH(OC,H.), I {.j, Ji {j, 

acetal thiourea fi-imidazolyl mercaptan imidazole (glyoxaline) 


Biperazima — Bisohoff xxv. 2940 ; see also this vol., 

p. 253) has prepared piperazines belonging to the following four 
classes (R = CgH^, C^H^ {jp and o), Cj^H^ (a and /3) — 

N»<CH^OhJ>N» 

1. Without oxygen. 2. Monacipiperazine. 

tt /3 u y a i 

8. Diacipiperazinea 
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N»<w:co>™ 

4. Tetracipiperasine 

Alkaloids. 

Hyoscyamine has been found to occur in extract of common 
lettuce m^e from the flowering plant, and is doubtless the cause 
of the well-known sedative effect of lettuce. It only exists to the 
extent of 0*02 per cent, in the extract, and the plant cannot con- 
tain more than 0*001 percent. (Dymoad, J, Cliem, Soc.^ 1892, 90.) 

Aconitine is a crystalline alkaloid occurring in the true 
Aconitum napellitSj together with three non-crystalline ones, 
aconinCy napelline^ and homonapelliney the former of which, how- 
ever, yields a crystallised hydrochloride, CggH^iNOjijHOl + ^HgO. 
Aconitine is benzoylaconine, (CgHgCO) NO^, for when 

hydrolised it yields nothing but aconine and benzoic acid, and it 
is formed when pure aconine is heated with ethylbenzoate. (Dunstan 
and others, J. Cfiem. Soc.j 1892, 385.) 

Corydaline when pure has the composition CgoHg^NO^, 
and contains four (OCH3) groups, since with HI it yields 4 mols. 
CH3I. It also appears to contain a pyridine and a benzene ring. 
(Bobbie and Lauder, J. Chem, Soc.^ 1892, 244, 605 ; cp. Freund and 
Josephy, £er., xxv. 2411.) 

CfMrymnih€mine,Ci^'H, 2 ^^ 2 ^^^ obtained from chrysanthe- 

mum flowers ; it is a colourless syrup which, when kept in a 
vacuum, partially crystallises, and is optically inactive and 
physiologically innocuous. It appears to have the constitution 
N(CH3)3.CH2.C(CH3).CH2.CH.20H. 



When boiled with very strong aqueous alkali it yields hexahydro- 
pyridinecarboxlyic acid (probably the y acid), y-hydroxybutyric 
acid, trimethylamine, carbon dioxide and hydrogen, according 
to the equation — 

+ 4KOH + HgO 

rrOeHioN.COOK + CH2OH.CH2.OH2.COOK 
+ N(CH3)3 + KoOOg + 4H2. 

(Zueo, Gazzetta^ xxi. [1], 616.) 

Areca nuts contain, besides choline, the following four alka- 
loids : — 


CHj CHa 


HCOOCHgOOi 




H CHs COj 


;u9 OHs' 


CO 

O CHCHi 
CH. 


ftreeakline arecoline gnytciiie areoalne 
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Arecdidim^ C^HijNOg + H^O, is shown to be methyltetra- 
hydronicotinic (pyridine /3-carboxylic^ acid by a synthesis from 
nicotinic acid ; arecoUne, CgHigNOg, is its methyl ester. Guva- 
cinej OgHgNOg, is a secondary base^ for it forms a nitroso com- 
pound I when distilled with zinc dust it yields / 3 -methylpyridine. 
Its methyl derivative is identical with arecaine, C^HnNOg+HaO. 
(Jahns, Arch. Pharm., ccxxix. 669.) 

Santonine yields with hydroxylamine santoninoxime, which 
is reduced by zinc dust and sulphuric acid to santoninamine. 
This, when treated with nitrous acid, yields hyposantonine, a 
lactone, which when heated with hydrochloric or hydriodic acid is 
converted into dihydrosantic acid, from which, by oxidation with 
iodine, santic acid may be obtained. 


r cji., cn-j 


' i J *1 iL * ^ 


CCHa 

CH-O-CO 

santonine 


CIJj 

"Nci:.. 


^cciici: 

CCH3 

CH COOH 


dihydrosantic acid 



CCH.} CH-O-rO 
hyiK>8antonine 



CIl^ ^CChlClli 

C CIl3 CH COOH 
santic acid 


In support of these formulae are the facts that santic and 
dihydrosantic acids yield ethyldimethylnaphthalene w'hen distilled 
with baryta, and santonin and dihydrosantic acid yield paradi- 
methylphthalic acid when oxidised with permanganate. (Gucci 
and Qrassi-Cristaldi, Gazzetta, xix. 367 ; xxii. [1], 1.) 

Hydraatine. — An exhaustive paper by Freund on this alkaloid 
has appeared (Annalen, cclxxi. 311) ; we can give here no more 
than the final result. Hydrastine CgiHoiNOg, when oxidised with 
dilute nitiic acid, yields hydrastinine and opianic acid, behaving 
thus like narcotine ; 

®2^ -|- O = ^10^10^6 "1“ 

hydrastine opianic acid hydrastinine 

C 28 H 23 NO 7 + HjO + O = C 10 H 10 O 5 + 

narootine opianic acid cotamine 

Hydrastmine oontains an aldehyde group ; when oxidised with 
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dilute nitric acid it yields apophyllenic acid ; by oxidation with 
permanganate, and sub^uent further treatment^ it is converted 
into hydrastic acid, which was shown to have the formula given 
below. Hydrastinine, which can be converted into both apophyl- 
lenic and hydrastic acids, and hydrastine, which yields hydrasti- 
nine and opianic acid, have therefore the formulae given below. 
Hydrastine is thus, like papaverine, narcotine, and berberiue, a 
derivative of isoquinoline. 


opianic acid 


OCHa 

"'^00113 


CH -0 


,CHO 

,NHCH 3 


CH2 

hydrasliniite 


CHo 

hydrastine 


liydrastic acid 


a]>opliyllenie acid 


papaverine 


iL CH*< J 


JL J0CH3 
iN)^] 

jqh^co 


CH3OV 

CHa 

bydimstine 


ini ^00 
^NCHs 


CH2 

narcotine 
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Adenme and hypoxcmthine. — These two nuclein bases 
resemble uric acid in that^ when hydrolysed, they yield ammonia, 
carbon dioxide, formic acid, and glycocine. Adenine further 
resembles uric acid in containing an alloxan nucleus, for 
bromadenine, when oxidised with hydrochloric acid and potassium 
chlorate, yields alloxan, urea, and oxalic acid. (Kr^er, Zeit. 
Physiol. Chem.f xvi. 160, 329 ; Bmhns and Kossel, Ibid.y 1.) 

OIncosides. 

Frangulin has the composition and its hydrolysis 

is represented, as Schwabe supposed, by the equation 


C„H^,0.,+H,0=0,5HiA + C6HiA 

frangiilin emodin rhaninose 


(Thorpe and MiUer, J. Chem. Soc.^ 1892, 1.) 

Oeometrical Isomerism. 

Bantsch and Kraft (5er., xxiv. 3511) claim to have prepared 
two isomeric hydrazones CgH^ — C(: N'NHCgH-) — CgH^'CHg of 
phenylanisyl ketone. The existence of isomerism among the 
hydrazones similar to that among the oximes shows that this 
isomerism is not caused by the nature of the oximido group, as 
Auwers and V. Meyer suppose, but by the nature of the nitrogen- 
tation itself {cp. “ Year-Book ” for 1891, 217). Auwers and Mejrer 
maintain, however (j?er., xxiv. 4225), that their hypothesis is 
equally capable of accounting for this isomerism among the 
hydrazones, the first instance of which was discovered, not by 
Hantsch and Kiaft, but in Meyer’s labomtory by Fehrlin and 
Krause xxiii. 1574, 3617). 

Werner (7ier., xxv. 27.) shows that the two ethylbenzhydroxi- 
mic acids (Lossen’s a and fi ethylbenzliydroximic acids) are 
really isomeric, for they yield diflTerent acetyl and paranitrobenzyl 
derivativea The isomerism is geometrical, and is represent^ 
l)y the following formulae : — 


O^Hs-O-OC^Hs 

II 

HO— N 

etliylsynbeDxhydroximic add (a) 


CeHs-C-OCaHj 

II 

N-OH 

ethylantibenzhydroximic acid 09) 


Ohalanay and Knoevenagel have discovered two isomeric 
symmetrical diphenylsuccinonitriles. These can be prepared by 
beating a mixture of benzyl and benssal chlorides with potassium 
cyanide, or by heating benzylcyanide with mandelonitrile in 
presence of potassium cyanide. 
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CgHfiOH^Cl + CeHsOHCla + 3KCN CeH^CHON 

=:3KC1+HCN+ I 

CgHg-OHCN 

CgHgOHcCN + C^jHgOHOH-CN CgHgCHCN 

^IL,0+ I 

CeH^CHCN 

Both modifications are optically inactive, the a-variety by intra- 
molecular, the /3 by intermolecular compensation, as in the case 
of racemic and mesotartaric acids respectively, (cp, “ Year-Book 
for 1891, p. 210.) The a modification (melting at 160°) is con- 
verted into the fi (melting at 229°) when heated with strong hydro- 
chloric acid. (Ber., xxv. 289.) 

Auwers and Kaufloiaxm (Ber.^ xxv. 3221) have observed similar 
isomerism among the derivatives of dimethylglutaric acid — 

COOH C (CH 3 ) (OH) -.CHg— C (CH 3 ) (OH) COOH ; 

these exist in two forms, corresponding to racemic and meso- 
tartaric acids. 

Matthews (J, Chem, Soc., 1892, 103), by exposing a mixture of 
chlorobenzene and sodium hypochlorite to bright sunlight, has 
obtained a monochlorobenzene hexachloride (melting at 146°), 
mixed with a little of the /3 modification (melting at 260°), which 
has been prepared previously by the action of chlorine on 
sulphobenzide in sunlight.. 

L. Meyer, jun. (Ber., xxv. 3121 ; cp. Erlenmeyer, Annalen, 
cclxxi. 137), has separated phenyldibromopropionic acid, 

OgHg CHBr CHBr COOH, 

by crystallising its stiychnine-salt from alcohol, into a dextro 
and a laevo-rotatory variety with rotation [a]p=H-14*0^ and — 
13*1° respectively. 

Marckwald (Ber., xxv. 3098) shows that two isomeric thio- 
semicarbazides are formed when isothiocyanates are brought 
together with phenylhydrazine. For example, diphenylthiosemi- 
carbazide, CeH.-NH*C(SH) ; N NHC 3 H 5 , forms a and ^ modifica- 
tions, melting at 139° and 176° respectively. The a-modifications 
are very unstable, and are convert^ into the /3 ones when fused, 
or when a trace of hydrochloric acid is added to their alcoholic 
solution. 

Schall and Pa 8 chkowetsky(^( 9 r., xxv. 2880) find that when carbo- 
4 iphenyl-and-diparatolyl-imide are distilled under i*educed pres- 
sure, a mixture of two isomers is obtained from each. The two 
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varieties of carbodiparatolylimide thus obtained melt at 49 — GO"* 


and 1 48 — 1 49®, respectively ; of carbodipheny- RN NR 

limide, C(:NCgH 5 ) 2 , one is liquid, the other || || 

melts at 168 — 160®. This isomerism is C O 

supposed to be of a new kind, and is rej^re- || || 

sented by the adjoined two formulae. NR NR 


a y DicLcipiperazinea (see p. 247) exist in a para and an 
anti modification, the former having the higher melting-point^ and 
being tmnsformable into the latter. (Nastvogel and Haasterfer, 
J?er., xxiii. 2012; xxiv. 2298.) Tigerstedt (5er., xxv. 2919) has 
prepared several by the action of alcoholic potash on bromanalides, 
— toluidides, etc. 


bromopropionanilidc (2 mols.) 


=2HBr+O.H,<g^C«(CH»^NO.H, 

iliplienyl-a7-diaci-/36dimeth>ipii)erazine 

Ifliseellaneous* 

A Ikali manufacture . — An important extension of the ammonia- 
soda process is now in operation at the works of Messrs. Brunner, 
Mond and Co., by means of which it is at last possible to obtain 
the chlorine of the salt employed in a useful form, bleaching 
powder, instead of as hitherto in a waste product, >calciuin chloride. 
The ammonium chloride solution, instead of being boiled with 
lime as formerly, is made to yield crystals by freezing it in an 
ammonia refrigerating appai*atus; this crystallised ammonium 
chloride is decomposed by heating into ammonia and hydrochloric 
acid, and the mixture of these is passed over heated magnesium 
oxide, which decomposes the hydrochloric acid with formation 
of magnesium chloride, while the ammonia passes on and is 
collected. The magnesium chloride is then heated, and air is 
passed over it; by this means the oxide is regenerated, and 
chlorine set free. The chlorine is finally converted into bleaching 
powder by passing it over slaked lime, the lime having been 
obtained from an earlier oj)eration. There are thus no waste 
products, and the equation — 


2 NaCl + CaCO.^ + O (from the air) = Na^COa + CaClgO 


is realised as the final result of the following separate pro- 
cesses : — 
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2 NaCI + 2 NH 3 + 2 CO 2 + 2 HgO = 2 NaHCOg + 2 NH^Cl 
2 NaHC 03 = Na^COs + + HgO. 

2 NH 4 CI == 2 NH 3 + 2 HCl. 

2 HCl + MgO = MgClj + HgO. 

MgClg + O (from the air) = MgO + Clo. 

CaCOg — CaO + COg. 

CaO + HoO = Ca(OH)o. 

Ca ( 0 H )2 + Clg^= CaCI^O + HgO. 

In the above equations the substances which are formed in 
one operation and used in another are printed in ordinary type. 
The actual raw material of the process and the finished products 
are printed in bolder type. (T/ie Times, Oct. 21, 1892.) 

Glass for chemiccJ utensils. — The best glass for such purposes 
has the following composition : — 

According to — Silica. Lime. Alkali. 

Weber and Sauer 8 : 1 : 1*5 . 

Mylius and Fcerster 7*2 : 1 : 1-1 

Alkalies attack glass more than water does, and water more 
than acids. {Ber., xxv. 70, 97, 2494.) 

Origin of colour. — ^Armstrong {l\oc. Chem. Soc., 1888, 27, 
1892, 101, 103, 143, 189, 194), and Hartley (Ibid., 1892, 188) 
have advanced the hypothesis (which has, indeed, hardly found 
acceptance), that colour in organic compounds is correlated with a 
quinonoid structure, the term including such compounds as lienzil, 
and it being also understood that in the case of closed chain com- 
pounds at least one of the quinonoid carbon atoms is associated 
with a dyadradical, and the ring itself is unsaturated. 

Acetyl derivatives in urine after feeding 'ivith aldehydes . — 
Rabbits and dogs, if fed with furfuraldehyde, excrete furfuracrylic 
acid, a Perkin’s-synthesis taking place within the body. 

C^HsO CHO + HgCHOOOH = HgO + C^HgO CH : CH COOH. 

furfUraldohyde acetic acid fur(\iracrylic acid 

If rabbits are fed with metanitrobenzaldehyde, a synthesis with 
acetic acid also occurs, but of a different kind, metacetamido- 
benzoic acid being formed. 

COOHCeH^NHH + HOCOOH3 

aiiiidobenzoic acid acetic acid 

rrHjO + COOHCeH^NHCOCHa. 
acetamidobenzoic acid 

Witii paranitrobenzoic aldehyde the analogous paro com- 
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pound was formed, and appeared in the urine in molecular 
combination with paranitrobenzoic acid. (Cohn, Ber,^ xxv. 2457.) 

Laws of nutrition. — FAhgor, as the result of an exhaustive 
series of experiments, arrives at the following conclusions : — (1) 
Albumen, when supplied in sufficient quantity, is the sole source 
of muscular energy, and is only replaced, so far as this function is 
concerned, by fats and hydrocarbons, when it is itself supplied in 
insufficient amount. (2) Fat is not formed from albumen, but 
from fats and hydrocarbons supplied in excess of the bodily need. 
{Arch./, d. ges. Physiol, 1. 98, 330, 396 ; li. 229, 317 ; lii. 1, 239.) 

Molecular weight of peptones , — This is comparatively low, two 
samples having molecular weights, as determined cryoscopically, 
of 555-529, and 317-344 respectively, and that of the l^nzoyl 
derivative of the latter being 500-600. (Ciamician and ZanettL 
Atti, d. R. Acc, d, Lincei., 1892, L 229.) 

Assimilation of free nitrogen by plants , — Much has been 
published on this subject. The general result is that, while 
various plants are capable of absorbing free nitrogen, only the 
leguminous ones do so to any great extent. And upon these 
nitrogenous manures have little effect, scarcely even increasing 
the carbon assimilation. In the case of other plants nitrogenous 
manures largely increase the assimilation of carbon, but scarcely 
affect that of nitrogen. (Lawes and Gilbert, Jour, Roy, Agri, Soc. 
[3], n. 657 ; Frank, Landw, Jahrb,, xxi. 1 ; Immendoitf, Ibid, 281 ; 
Schloesing and Laurent, Comptes Rendus, cxiii. 776 ; Ann, Inst, Pas- 
teur, vi. 65 ; Beyerinck, Meded, Konink, Akad. JFetens [3], viii. 460.) 

Starch from formaldehyde, — If plants which have been 
deprived of starch, and plac^ in an atmosphere free from carbon 
dioxide, are fed with the sodium-hydrogen sulphite compound of 
formaldehyde, they form starch, but only when exposed to light. 
(Bokomy, Landw, JaJirb,, xxi. 445.) 

Chemical nomenclature , — An international congress met at 
Easter in Geneva to formulate a systematic nomenclature for 
organic substances. Terminal syllables were largely adopted to 
express chemical constitution, the same syllable always in^cating 
membership of some one series, or presence of the same group 
of atoms — e,g., -ane for fatty hydrocarlwns, -a/ for -CHO. A few of 
the old trivial names were retained, and it was proposed to retain 
tJie old nomenclature side by side with the new — the latter being 
intended chieSy for purposes of references. At this congress 
only fatty derivatives were dealt with. {Nature, xlvi. 56.) 
Annttroiig suggests the term cycloids for compounds containing 
groups of atoms united in a ring, and has proposed a nomenclature 
for them. (Proc, Chem, Soc,, 1892, 127.) 
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MINERALOGy AND PETROLOGY. 

By G. T. prior, M.A. 

Mineralog^)^. 

By no means the least noteworthy event of the year in the 
mineralogical world has been the appearance of the new edition 
{6th) of Dana’s standai*d text-book, “ A System of Mineralogy.” 
The new work has been entirely rewritten and considerably 
enlarged by Prof. E. 8. Dana. The crystallographic portion of the 
subject receives much fuller treatment than in the earlier editions. 
One of the most satisfactory changes to be noticed is the adoption 
throughout the book of the Miller notation in the symbols of the 
crystal faces. The system of classification remains practically the 
same as in the last edition, the predominant position being given 
to chemical, the next place to crystallographic, the third to the 
different physical chaiacters. 

In connection with the subject of classification the Systematic 
Mineralogy, based on a Natural Classification,” of the late 
Dr. T. Starry Hunt, deserves mention from the interest which 
attaches to such an attempt at bringing Mineralog}^ into con- 
formity with the other natural sciences. A natural history 
classification, founded on that of Mohs, was originally adopted by 
Dana in his “Mineralogy,” but in the third edition the whole system 
was rejected as essentially false to nature, and was replaced by 
the present chemical classification. 

Dr. Hunt’s classification is an attempt to combine the natural 
historical and chemical methods. In this system the mineral 
kingdom is divided into four classes : — metallacese, halidacese, 
oxydaceie, and pyricaustaceae. The first class, which is sub- 
divided into metallometallata and spathometallata, includes the 
metals and their compounds with the sulphur and arsenic groups 
of elements. The halidacese contain four orders, the fluorinea, 
the chlorinea, brominea, and iodinea. The oxydacese include the 
oxid^ silicates, etc. The last class, the pyricaustacese, consists of 
the different forms of carbon and organic bodies, such as the 
resins, coal, etc. 
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CryEtalloffrapby and physical mineralofiy. 

A little book which is calculated to revolutionise the method 
of teaching of physical optics as applied to ciystaHogrwhy is 
L. Fletcher's tract on double refraction, “The Optical Indica> 
trix and the Transmission of Light in Crystals.’’ Fresnel’s 
theory of double refraction has long been regarded as dynamically 
unsound, and although experiment has proved the substantial 
accuracy of the wave-surface deduced from it, yet recent investiga- 
tions have shown that the theory of vibration in an incompressible 
ether with varying elasticity is untenable. According to the 
modern theories of Lord Kelvia and Mr. Glazebrook, an elastic 
luminiferous ether is to be regarded as compressible, with 
effective elasticity constant, but with effective density variable 
for different media, and, in the case of a doubly refracting body, 
for different directions in the same medium. 

The abandonment of Fresnel’s process, and the adoption of 
these new views, should lead to the disappearance from scientific 
literature of all such terms as ellipsoid of optic elasticity, axes of 
optic elasticity, etc., which are now in common use. 

The author’s treatment of the problem of the transmission of 
light in crystals is, however, entirely independent of any theory 
as to the nature of the vibration which constitutes light. 
Huyghens’ construction stands as the basis of the method. 
This geometrical construction for finding the path of the two 
rays in a uniaxal crystal such as calcite is independent of 
all theories of vibration ; it is a direct deduction from 
experimental facts, and expresses undoubtedly a law of Nature. 
Now the characters of a ray of plane polanised light may 
be geometrically represented by a finite straight line, and a 
point off the line ; the direction of the ray is along the 
perpendicular from the point upon the line, its velocity is 
inversely as the length of the line, and its plane of polarisation 
is normal to the line. From Huyghens’ construction then it 
easily follows that for uniaxal crystals the finite straight lines 
characteristic of the rays are all normal to the extraordinary 
wave-surface, viz., the spheroid. Any point on the spheroid 
therefore corresponds to a ray transmissible in the direction of 
the perpendicular from the centre upon the normal at the point, 
and according to the modern views of the ether the normal is the 
direction of vibration of the ray. Accordingly fit>m this 
spheroid the whole optical behaviour of a uniaxal crystal can he 
deduced. To such a surface of reference the author gives the 
name of “optical indicatrix,” and extends its use to biaxal 
crystals by the beautifully simple generalisation which assumes 
R 
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that for such crystals the surface, instead of a spheroid, is an 
ellip^id vfith three unequal axes. 

H. ▲. Miers, by treating -with acid the marl containing orpiment 
of Tajowa, has succeeded in extracting from the clayey residue 
beautiful minute crystals of this mineral, which have sharply 
defined edges and are nearly transparent. The results of the 
optical determinations were in complete accordance with the 
requirements of orthorhombic symmetry. 

This is of interest in view of the fact that Drude’s experiments 
on the reflection of light from the isoraorphous mineral stibnite 
indicated that it possessed the symmetry of the mono-symmetric, 
and not of the orthorhombic system. (Min, Mag,, x. 24.) 

F. Binne gives a further contribution to our knowledge of the 
zeolites belonging to the Heulandite and Desmine (Stilbite) groups. 
By a dilierent mode of orientation of the crystals ho shows the 
close crystallographic relation which the three members of the 
first group (heulandite, brewsterite, and epistilbite) bear to 
those of the second (harmotome, phillipsite, and desmine), and 
also to the felspars. The monoclinic heulandite is related to the 
triclinic desmine as orthoclase to microcline. 

The author has continued his interesting experiments on the 
behaviour of these minerals on heating. He finds, contrary to 
Klein, that brewsterite behaves in a precisely similar way to 
heulandite. On heating to 200°, by a gradual change of the axes 
it becomes orthorhombic, and remains so on cooling so long as 
water is excluded, but in contact with water it returns at once to 
its original optical condition. On heating above 200° the 
mineral again tiecomes monoclinic. When strongly heated the 
double refraction becomes weak, and after this state has been 
produced the mineral no longer returns to its original condition 
on cooling. Epistilbite and desmine required to be heated up to 
the point of weak double refraction before orthorhombic symmetry 
was obtained; while* harmotome and phillipsite still remained 
triclinic at that point. 

The author concludes that these six minerals are truly 
distinct species, but that they form a natural group exhibiting a 
gradation in properties. (Neues, Jahrb,, 1892, i. 12.) 

H. Laspeyrat has made a thorough chemical and crystallo- 
graphic examination of the rare mineral beyrichite, and shows 
that it bears the same relation to millerite as augite to uralite. 
Kryst., xx. 535.) 

C. Klein contributes an elaborate monograph on the crystal 
system of apopbyllite and the influence of pressure and heat on 
its optica] properties. 
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The anomalous optical characters of the mineral are attributed 
to the intimate isomorphous mixture of an optically positive 
substance with a negative one. (Sitzungsher. Al^d. Wiss, Berlin^ 
1892 ii,, 65.) 

A. Lacroix notes the relation existing between the form of the 
crystals of Andalusite in Arifege and the nature of the formations 
in which they occur. He finds that they are absolutely charac- 
teristic one of the other. {Comptes Rendtis^ cxiv. 955.) 

Somewhat discordant views have been expressed on the 
optical properties of chalcedony. Michel Levy and Munier-Chalmas 
throw light upon this subject by their examination of some 
varieties of concretionary silica from the Paris basin. They 
distinguish three varieties which they name chalcedony, quarbzine, 
and lutecine. These are different forms of one mineral which is 
biaxal, with optic axes separated from 20° to 35* about a positive 
bisectrix. They consist of pure silica having a density near to 
2*6, but differ between themselves in the direction of elongation 
of the fibres. (^BulL Soc, Fr, Min.y xv. 159.) 

Chemical mineraloi^y. 

The results of an attempt at determining the constitution of 
the natural silicates which have been appearing in a series of 
papers by F. W. Clarke and E. A. Schneider must excite general 
interest. The authors endeavour to imitate if possible the 
methods of organic chemistry, and to devise reactions analogous 
to those by which the constitution of complex organic compounds 
are determined. Tlie task appears almost hopeless when the fact 
of the present impossibility of measuring the molecular weight of 
silicates is considered. The second great difficulty, however, of 
the lack of plasticity in the material under investigation, has been 
found to be less formidable than at first supposed. 

Members of the mica and chlorite group, together with a few 
other magnesium silicates, as talc, serpentine, and olivine, have 
been the subjects of experiment. 

The crucial reaction, first brought forward by the authors in 
1890, by which the distribution and character of the hydroxyl in 
these hydrated silicates may be determined, consists in subjecting 
them to the action of dry hydrochloric acid, when heated to a 
temperature of about 400^’. iSilicates which are strongly affected 
by this treatment are assumed to contain the grouping — Mg— OH. 
The reaction was at first supposed to be quantitative, but later 
experiments have shown that at pi*esent it can only be trusted 
qualitatively. 

A second process by which light can be thrown upon the 
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constitution of silicates consists in determining the products of 
decomposition resulting from ignition. 

Application of the two processes to members of the chlorite 
group shows that these silicates contain the group — Mg— OH, and 
that they split up on ignition into an insoluble portion, having 
the composition of spinel, and a soluble ])ortion, expressible as a 
mixture of olivine and magnesian garnet ; minerals which, ac- 
cording to the authors, are amongst the commonest progenitors of 
the chlorite group. They consider that their results tend to establish 
their hypothesis that the more complex silicates are merely sub- 
stitution derivatives of normal salts. In the case of the chlorites 
they rely upon the “ spinel reaction ” to render Tschermak^s 
theory of this group untenable ; for his typical ortho-chlorite 
series is supposed to consist of mixtures of two end pi*oducts, 
serpentine and amesite. Now serpentine on ignition splits up 
into soluble olivine and insoluble enstatite, but, as we have seen, 
in the case of chlorites the insoluble residue on ignition contains 
no enstatite but only spinel. i^Amer. Jour, Sci,y xl. 303, 405, 
452 ; and xliii. 190, 378.) 

The chemical composition of iolite has never been satisfac- 
torily established, for the reason that the state of oxidation of the 
iron has not hitherto been determined. 0. C. Farrington has 
analysed exceptionally pure specimens of the mineral from Guild- 
ford, Conn., and gives the formula H20.4(Mg.Fe)0, 4AI2O3, 
lOSiOg, all the iron being in the ferrous state. {Amer, Jour, 5ci,^ 
xliii. 13.) 

A new and interesting variety of herderite from Hebron, 
Maine, which contains scarcely any fluorine, is described by 
H. L. Wells and S. L. Penfield. Tlie result of analysis confirms the 
formula previously given by Penfield and Harper for this mineral, 
and supports their idea that fluorine and hydroxyl are mutually 
replaceable. {Amer, Jour, Sci,j xliv. 114.) 

A Kensgott has made a critical examination of analyses of 
tourmaline and comes to the conclusion that this mineral is an 
isomorphous mixture of two silicates having the general formulae 
SRgO.lSiOg + 5(R303.Si02) and 2(3RO 8iOo) + 
respectively. {Neues, Jahrb,, 1892, i. 3.) 

A description by Bruno Doss of the meteorites of Misshof is 
interesting, for a new explanation which he gives of the cannon- 
like reports heard during meteoric falls. Basing his conclusion 
upon the results recently obtained by the instantaneous photo- 
graphy of projectiles in motion, he ascribes the phenomenon to the 
production of the air-wave in front of the moving meteorite, 
which at first proceeds with the same velocity as the stone, but 
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moves on in advance as soon as the velocity of the meteorite has 
become, by the effect of the resistance of the air, less than the 
normal velocity of sound. {Neuea Jahrh,^ 1892, i. 71.) 

The artificial production of minerals. 

C. Friedel has succeeded in obtaining crystals of the rare 
mineral percylite by bringing a solution of copper chloride into 
contact with lead hydrate by a process of slow diffusion by means 
of a cracked tube. {Bull Soc. Ft. Min.^ xv. 96.) 

Accidental syntheses of pseudobrookite, haematite, and 
anhydrite, in the soda manufactory of Schonebeck, are described 
by Bruno Doss. The pseudobrookite is supposed to have resulted 
from the action of water-vapour upon ferric and titanic chlorides. 
This synthesis derives its interest from the support which it 
gives to the views held by A. Koch, the discoverer of the mineral, 
that the pseudobrookite of Aranyer Berg was a secondary subli- 
mation product resulting from the effect of fumaroles upon the 
original rock. {Zeits. Kryat^ xx. 566.) 

An accidental synthesis of melilite, in the factory of Ascania, 
in Nieuburg, is noted by G. Bodl&nder. Optically it was positive, 
and the author is inclined to attribute this to the high percentage 
of magnesium ; but F. Becke, in a note on the optical character 
of melilite as a rock-constituent, brings forward the theory, to 
account for the varying optical character, that rock-forming 
melilite is an isomorphous mixture of two end members, of which 
the one with negative double refraction is the Vesuvianhumboldti- 
lite, while the positive one is still unknown. This idea is in 
harmony with the extraordinary weak double refraction of rock- 
forming melilite as compared with humboldtilite. {News. Jahth.^ 
1892 i., 53, and Min. xii. 444.) 

Some new minerals. 

Masrite, described by H. Droop Bichmond and Hussein Off, is a 
variety of alum from Egypt, which contains from 1 to 4 per 
cent, of cobalt, an element not hitherto met with in that country. 
The mineral derives its chief interest, however, from the presence 
in it of what appears, from the author’s experiments, to 1^ a new 
element, ‘‘ masrium,” which comes prepared to conveniently fill 
one of the vacant spaces in the periodic system in the beryllium- 
calcium group. {Jour. CJiem. Soc.y Ixi. 491.) 

Geikielite, optically examined and analysed by A Dick, is a 
magnesium titanate, which was found by J. Baddeley at Bakwana, 
Ceylon. {Nature^ xlvL 620.) 

Baddeleyite is another mineral found by J. Baddeley in the 
same locality. Chemical and crystallographic examination by 



262 


THB TEAR-BOOK OF SCIBKOE. 


L. Fl6tdi«r showed it to consist of zirconia, and to have monosyra- 
metric symmetry. This is of interest, since, in spite of the wide 
prevalence of the silicate zircon, no occurrence of the oxide of 
zirconium alone has been hitherto observed. {Nature^ xlvi. 620.) 

Josephinite is a new nickel-iron, found by W. H. Melville in 
magnetic pebbles in the placer gravel of a stream in Oregon, 
Beside the nickel-iron, the pebbles contain serpentine with 
bronzite (?), chromite, and [)yrrhotite (troilite). The author gives 
evidence to piK)ve the terrestrial origin of the mineral. It shows 
no Widmanstattan figures on etching and contains no phosphorus. 
(Afne?\ Jour. Sd., xliii. 509.) 

New apparatus and methods. 

The use of oblique illumination as a means for distinguishing 
between uniaxal and biaxal mineral sections is pointed out by 
J. L. C. Schroeder van der Kolk. The rise or fall in Newton’s scale 
of the interference colours is noted for slight rotations of the plate 
about two axes parallel to the shorter diagonals of the nieols. 
For uniaxal crystals, not cut parallel or at right angles to the 
axis, there is complete symmetry in the change of colours for 
rotations in either direction about one of these axes. (Zeits. f. 
Wise. Mikr.y viii. 456.) 

£. V. Fedorow describes a new ‘‘ universal stage ” for the optical 
examination of crystal plates, which allows of a rotation about 
two axes at right angles. The author makes use of the appamtus 
to determine w hat he names the ‘‘ Hauptrichtung ” in twin 
ciystals. The “ Hauptrichtung” is a second direction (besides the 
crj'stallographic twin-axis), along which the two halves of a twin 
extinguish uniformly. The author proposes the determination of 
this direction as a means for discriminating between species. 
Thus, in the felspars anorthite has the remarkable property that 
the “ Hauptrichtung ” coincides with one of the optic axes, 
whereas in labradorite the angle between these two directions 
is large. (J/tn. Mitth.y xii. 505 ; and Keuea. Jahrb.^ 1892, ii. 68.) 

V. Ooldschmidt describes a convenient piece of apparatus for 
centering and adjusting small crystals on the goniometer. {ZtiU. 
Kryst.y XX. 344.) 

Ijgneous rocka. 

Sir Archibald Qeikie’s two anniversary addresses to the Geologi- 
cal Society for 1891-2 constitute important contributions to the 
history of volcanic action within the area of the British Isles. In 
the present address this history is carried forward from the end of 
the Silurian period to older Tertiaiy time, when the last British 
vidcanoes became extinct. 
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in the concluding portion cf uhi address the author emphasises 
some of the more general facts of larger import which this history 
may contribute to the investigation of the nature of volcanic 
action. 

With regard to the distribution of volcanic action in the 
British Isles, a striking fact is tlie continued recuri’ence of erup- 
tions in the western and their absence in the eastern tract. The 
persistence of volcanic activity over limited areas in which erup- 
tions have broken out again and again after long periods of 
quiescence is also remarkable. The sites of volcanic vents, as a 
rule, do not appear to depend upon lines of faults, but they are 
always along low ground and valleys. As regards the possible 
connection between volcanic action and geological changes, one 
fact is certain, viz., that British volcanoes have been active on 
sinking rather than on rising areas. Two types of volcanic mani- 
festation may be recognised : the ordinary type of volcanic vents, 
and a second type characterised by the fonnation of abundant 
fissures and the uprise of lavas in them forming dykes. 

Concerning the changes taking place in the molten magmas, 
from which the volcanic materials proceed, the author remarks 
that in the Blackburn picrite there is a lower layer rich in 
heavy basic constituents, and an upper containing larger propor- 
tions of the lighter felspars : he suggests that similar effects may 
liave taken place in the main mass of the magma itself. With 
the exception of the Snowdon region, the first eruptions of lava 
were always more basic than the final intrusions ; basalts and 
porphyrites were always followed by acid felsites and granophyres. 
In the molten magma, therefore, there appears to have been at 
first a separation of the more basic constituents. {Proc, GeoL Soc.j 
xlviii. 60.) 

This subject of the differentiation of molten magmas constitutes 
the main interest of a valuable paper by J. J. H. Teall and J. E. 
Dakyns on the plutonic rocks of Garabal Hill and Meall Braec, in 
which they describe a complex of granular rocks of different ages, 
but evidently belonging to one geological epoch. 

The rocks range from ultra-basic peridotites through diorites 
and tonalites to gi’anites, and when two adjacent rocks differ in 
age, the more acid is invariably the younger. There is a striking 
resemblance between this order of succession of the rocks, and the 
order in which the minerals in them commenced to form. In both 
cases it is from basic and heavy to the most siliceous and light. 

The authors consider that the area which they have studied 
represents a vast subterranean reservoir which has become 
differentiated during the process of consolidation into local magmas, 
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iDore and more acid ; and that this separation was mainly due to 
the formation of the minerals in the above order of decreasing 
basicity. {Quart. Jour. Gecl. Soc.y xlviii. 104.) 

Lastly, the whole question of the nature of the differentiation of 
molten 'magmas receives exhaustive treatment at the hands of 
J. P. Iddings in a paper on the origin of Igneous Rocks. 

The author brings forward a long series of petrographical, 
chemical, and geological data to show the consanguinity of the 
rocks forming a natural group, and their derivation from one 
common source ; but he differs from Bi-ogger and Teall in con- 
sidering that the chemical variability of the rocks proves that 
the differentiation from the primary magma was not due to the 
separation of definite minerals, or even of such definite mole- 
cules as those designated by Rosenbusch as “ Kerns,” but 
rather to a chemical separation affecting the elementary oxides of 
the constituent elements. 

In all the localities (chiefly Electric Peak and Sepulchre 
Mountain in the Yellowstone Park) studied by the author, he 
finds the order of succession of the rocks to be the same as that 
found by Judd for the lavas of the Lipari Islands, viz., from a 
rock of average composition to extremes of basic and highly acid 
rocks. He considers that this general law of sequence holds good 
for the volcanic rocks of all epochs. The analysis which he makes 
of the order of succession of the volcanic rocks of Great Britain, 
as given in Sir A. Geikie’s address, in his opinion tends to confirm 
the above law, and not to support the idea of Geikie and Teall that 
the order is simply from basic to acid. 

The causes of the dififerentiation of molten magmas must be 
looked for in theories regarding the nature of solutions, as 
the principle of Soret that there will be a concentration of matter 
in the cooler parts of a solution, and the principle of Gouy and 
Chaperon, that when solutions become heavier by concentration 
the lower part will be more concentrated than the upper. {Bull. 
Phil. Soc., Washington, xii. 89.) 

In connection with this subject it is interesting to note that 
A. Irving, from his field work on the Malvern crystallites, comes to 
the conclusion that the whole mass is of igneous origin, and in 
feet represents a segregation product of one original uneriipted 
magma, the coarse pegmatitic rocks forming the siliceous residue 
after the heavier basic constituents had separated out. The 
intrusive dolerites, he considers, were portions of a deep magma 
which simply flowed into great fissures of the granite-diorite 
series. The diorite-gneiss was converted into amphibolite by 
differefebiid movement prior to flnal consolidation. He regards 
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the Bchistosity of many of these rocks as resulting from mechani- 
cal forces, but thinks that the development of new minerals in 
this way was very limited, (ffeol. Mag. [3], ix. 452.) 

A. Harker discusses the genetic connection of the north of 
England lamprophyres with the Shap granite, and invokes the 
aid of a deep-seated reservoir of molten magma, separated into 
layers of varying density by the influence of gravity, to account 
for their chemical composition. The lamprophyres, according to 
the author, apjiear to be basic modifications of plutonic rocks in 
which, with a considerable diminution of silica, the amount of tlie 
alkalies shows little change, while the potash increases at the ex- 
pense of the soda. To account for these facts the author 
advances the hypothesis that, as the plutonic magma cooled, 
crystals of orthoclase separated out in the upper layer and sank 
to the bottom, into the more basic portion, where they were 
at a later stage, on the release of pressure,* partially redi^olved. 
The presence of porphyritic quartz crystals in basic rocks is 
accounted for in a similar way. (Geol. Mag. [3], ix. 199 and 
485.) 

H. Foerstner, in a paper on a glassy basalt from the new 
volcanic island by Pantellaria, thrown up in the eruption of 
December, 1891, points out the remarkable uniformity in chemi- 
cal composition of the basalt eruptions which have token place 
since the Tertiary period in the volcanic region extending from 
the Lipari islands through Sicily to Tunis. {Min. Mitth.y xii. 510.) 

The general uniformity in type of the igneous rocks of Australia 
and those of Europe and America, is illustrated by a contribution 
by J. Milne Curran to the microscopic structure of a large series 
of rocks from Eastern Australia. An intei’esting fact is the wide 
distribution of leucite rocks in New South Wales. {Jour. Froc. 
Roy. Soc., N.S.W., xxv. 179.) 

Grenville A. J. Cole and G. W. Butler describe the structure and 
probable mode of origin of the lithophyses in the Roche Rosse 
Obsidian. They distinguish two modes of growth, the one diver- 
gent outwards from the margins of steam vesicles, the other 
convergent inwards towards the centre until, in some cases, the 
fibres meet, and thus form a solid spherulite. The authors con- 
sider that the lithophysal structure of this lava stream was 
produced during the cooling of the mass, and not by later umyg- 
daloidal filling up of the vesicles. {Quart Jour. Geol. Soc.y xlviii. 
438.) 

R. J. Johnstone-Lavif offers a different explanation of the m^e 
of formation of these lithophyses. Whereas the preceding 
authors regard the universal association of cavities and spherulitic 
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growili as du« to tbe formation of steam vesicles^ he holds that 
ilus association may be attributed (1) to the liberation of steam 
during crystallisation, and (2) to the fact that the crystalline 
aggregates (spheruUtes), when formed, would afford surfaces 
favourable to the disengagement of gas from the surrounding 
glass, Mag. [3], ix. 488.) 

A. Bexgeat gives a contribution to our knowledge of the massive 
rocks of Cyprus. {Min. Mitth.y xii. 263.) 

T. H. Holland records the occurrence of Riebeckite in Southern 
Sikkim. {Records Geol. StirveVy India^ xxv. 159.) 

T. G. Bonney describes the Euphotide or Saussurite-smaragdite 
gabbro of the Saasthal. The erratics so abundant in this valley 
are derived from a spur of the Allaleinhom. Amongst these 
erratics the author notes five tolerably-distinct varieties of gabbro. 
The spur itself consists for the most part of a hornblendic variety, 
showing signs of foliation, and the smaragdite, so plentiful in the 
erratics, so far as he saw, occurs only locally. Microscopic ekamina- 
tion showed that most of the constituents of these rocks were of 
secondary origin : the saussurite was evidently an alteration pro- 
duct of a lime-felspar, while the smaragdite was derived from 
diallage. The author failed to find signs of dynamo-metamorphism 
to account generally for the foliation, but refers this structure, as 
a rule, to fluxional movements, as in the case of certain of the 
Lizard gabbros. {Phil. Mag. [5], xxxiii. 237.) 

CrystAllinc scliists and metamorphic rocks. 

£. Hill and T. G. Bonney, in a paper on the hornblende schists, 
gneisses, and other crystalline rocks of Sark, point out the re- 
markable resemblance wliicli many of these rocks bear to those of 
the Lizard. The basement gneiss is similar in structure to the 
more granitoid bands in the granulitic group of the Lizard : it is 
probably of igneous origin and intrusive into, instead of older 
than, the hornblende schists and banded gneisses which appear 
to succeed it. The hornblende schists correspond very closely 
with those of the Lizard. The banded gneisses, of which two 
types are distinguished, one moderately coarse in texture and the 
other finer-grained and less micaceous, resemble in many respects 
the granulitic group of the Lizard. A remarkable group consists 
of basic hornblendic rocks which have been broken up and in parts 
actually melted down by the intrusion of acid felspathic aplites. 
The result in places has been the production of a banded biotite 
gneiss. 

Tbe authors assign an igneous origin to all these rocks, and 
attribute the banding to fluxional movements anterior to final 
consolidation. {Quart. Jour. Geol. Soc.^ xlviii. 122.) 
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The use of the microecope in helping to docidnee ^ fnMem 
of the origin of the crystalline schists forms the main theme ci 
the Rede lecture for 1892, delivered by Prof. Bonney. The 
result of the latest researches has been to denionstmte that true 
crystalline schists are very old, all probably older than any rock 
in which traces of life are found. “ The environment necessary 
for changing an ordinary sediment into a ciystalJine schist 
existed generally only in the earliest ages, and but very rarely 
and locally, if ever, since Palaeozoic time began.*’ Since that 
time the zone for marked mineralogical changes has been 
continually sinking. The subterranean laboratory still exists, 
but the way to it was virtually closed at a comparatively early 
period in the earth’s history.” {Nature, xlvi. 180.) 

Lastly the same author, in a paper on the so-called gneiss of 
Carboniferous age at Guttanen, emphasises his contention that 
although fragmental rocks, such as this, may by the effects of 
dynamo-metamorphism be made to imitate true crystalline schists, 
yet the fraud can always be detected by the practised eye. {Quart, 
Jour, Geol, Soc., xlviii. 390.) 

In an elaborate memoir on the geology of the Alps between the 
Reuss and Rhein A. Heim refers to Prof. Bonney’s paper on the 
Crystalline schists and their relations to the mesozoic formations 
of the Lepontine Alps. {Quart, Jour, Geol, Soc,, xlvi. 187.) He 
agrees with him in consi(lering that it is possible to keep the old 
crystalline schists and the metamorphosed sediments di.stiiict ; 
but maintains, contrary to Prof. Bonney, the Jurassic age of 
the Andermatt marble and of all the Val Piora schists. 
The author considers that the Biindner schists form a single 
Jurassic system, and that they represent a series of clay, calc, and 
quartz sediments which have become crystalline by dislocation- 
rnetamor{)}iism connected with the post-eocene Alpine folding. 
{Beit, z, Geol, Karte d, Schweiz, Blatt,, xiv.) 

A method which may be of great service in helping to ascer- 
tain the origin of crystalline schists and metamorphic rocks is 
described by 0. A. Derby in a paper on the sejiaration and study 
of the heavy accessories of rocks. For this separation he advo- 
cates the use of a bat^ or Brazilian miner’s pan of copper instead 
of the porcelain dishes of the laboratory, and points out what 
light may be thrown upon the origin of rocks by a determination 
of these heavier and almost indestructible accessories. Thus the 
opinion now gaining ground, that many of the Brazilian 
gneissic rocks and fblspathic mica schists are dynamo-meta- 
morphosed eruptive rocks, is supported by the presence in them of 
rircon and monazite in about the same abundance and with the 
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same sliarpness of outline as in the typical granites. {Proc. 
BoclieBter, Acad Sci,^ i 190.) 

W. Salomon continues his work on the contact phenomena of 
the rocks of the l^roL The eruptive masses of Klausen, 
Predazzo, and Monzoni have produced interesting contact meta- 
morphism in the surrounding sediments, but no account has 
hitherto appeared of similar effects due to the granite mass of 
Cima d’Asta. The author describes typical contact rocks at 
eight different points round this granite masa They belong to 
the quartz and gneiss phyllite groups, and are all characterised by 
the occurrence of contact minerals such as andalusite and 
cordierite. 

The author has also made a series of new observations on the 
Adamello range. The tonalite gneiss, which Stache had made 
use of in order to fix the age of the tonalite, is, in the author’s 
opinion, only a dynamo-metamorphic modification of the tonalite 
itself. He finds that this gneiss-like tonalite is bounded by lines 
along which powerful movements of the rock occurred, and in the 
neighbourho^ of which the rock mass naturally underwent 
considerable pressure. (Giorrt. d Min», iiL 97.) 

Sedimentary rocks* 

H. B. Woodward gives an explanation of the peculiar appearance 
and mode of formation of the well-known landscape marble or 
Cotham stone. The rock itself occupies an intermediate position 
between dark argillaceous sediments and the almost pure 
calcareous white lias. According to the author it marks a 
period when occasional films of dark mud were deposited with the 
calcareous sediment, and the arborescent markings are due to the 
disarrangement of these dark films during the consolidation of 
the stone owing to the shrinking of its upper portion. {Oeol, Mag. 
[3], ix. no.) 

W. M. HutchingB has transferred his attention from the 
sedimentary roofing slates of North Wales and Cornwall to the 
volcanic ash-slates of the Lake district. These slates for the 
most part consist of lapilli of the normal andesitic rocks of the 
district, fragments of felsjmr, calcite, etc., in a very fine-grained 
base made up of chlorite, sericitic mica, and garnets with free 
silica. The original andesitic or other volcanic dust therefore 
decomposed in such a way that the ferro-magnesian constituents 
gave rise to chlorite and garnet, while the felspar was altered to 
mica. 

An interesting point is the mode of occurrence of titanic acid. 

mtile needles, which the author has found to be so character- 
lilie feature of the sedimentary clays and slates, are wholly 
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absent from these yolcanic ash-slates. In these the titanic acid 
occurs in small crystals of secondary spbene, but mainly in the 
•form of anatase. (ffeol. Mag. [3], ix. 154, 218.) 


STRATIGRAPHICAL GEOLOGY. 

By HORACE B. WOODWARD, F.G.8. 

In this division some of the principal advances have been made 
by the recognition of certain zones, or palseontological horizons, 
in areas widely separated, as, for example, the occurrence of the 
Olenellus zone in Scotland, of the Clymenia stage in New York, 
and of strata that may be grouped with the lias, in California. 
Tlie general recognition of Permian beds in Devonshire is of in- 
terest. The interpretation of over* thrusts, whereby older strata 
are thrust across newer formations, has served to elucidate the 
structure of portions of the country near Marseilles, and also the 
gold-bearing regions of the Transvaal. The physical and palseonto- 
logical history of the Pleistocene deposits of Sussex has also been 
worked out from the records of the strata; and evidence has 
there been obtained of an inter-glacial episode. 


I. — PALAEOZOIC OR PRIMARY. 

B. N. Peach and J. Home have published full particulars of the 
discovery of the Olenellus zone between Lc^h an Nid and 
Achneigie, in Dundonnell Forest, western Ross-shire. The new 
species of Trilobite from this locality is named Olenellus Lap- 
worthi, and fragments of it were found in dark blue shales that 
occur near the top of the “ Fiicoid Beds,” and towards the base 
of the overlying “ Serpulite Grit.” These rocks form part of a 
belt of fossiliferous strata, that extends from Loch Eriboll to 
Strome Ferry. Of special intemst too is the occurrence of 
Serpulites Maccullochi (Salterella) and Hyolithes, in brown 
dolomitic bands associated with the Olenellus shales. Under- 
lying the “ Fucoid Beds ” is a band of “ Pipe rock ” with vertical 
burrows of Annelides, and this division rests on quartzites which 
form the sandy base of the Cambrian system. Unconformably 
beneath these strata lies the Torridon sandstone, which is thus 
shown to be pre-Cambrian. {Quart. Jour. Qed. Soc., xlviii. 
227.) 

Sir Archibald Oeikie has prepared a new Geological Map of 
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Scotland (on a scale of 10 miles to an inch), accompanied by 
explanatory notes. The newest work of the Geological Survey 
is represented on the map, and this relates principally to the ' 
older rocks. The oldest rock is marked as Lewisian Gneiss, and 
it is stated to be mainly a mass of eruptive rocks, which have 
undergone great mechanical deformation, and have thus acquired 
a gneissose or schistose structure ; but, in places, indications of 
sedimentary stmta, in the form of graphite-schist, limestone, and 
granulitic mica-schist, seem to be recognisable as parts of the 
so-called gneiss. The eastern or younger schists, grouped as 
Dalradian, cannot as yet be placed in a definite position in the 
stratigrapiiical series, for although traces of AnneJides have been 
detect^ in some of the quartzites, no distinctive fossil evidence 
has been obtained. The rocks are regarded as pre-Cambrian. A 
general account is given of the succeeding strata, from the 
Torridon sandstone to the recent accumulations. (Edinburgh : 
Bartholomew and Co.) 

J. F. N. Delgado notes the existence of fossils in chiastolite slates 
(schistes macliferes) of Upper Silurian age, near Recarei, in the 
neighbourhood of Vallongo. He has observed traces of a Grapto- 
lite in chiastolite slate, and from associated rocks he has obtained 
a specimen of Ilhenus lusitanicus and the internal cast of a 
Redonia. He records also the occurrence of Discophyllum in a 
bed of quartzite with Bilobites, at the base of the Lower Silurian 
of Busaco ; and further announces the discovery of an Alga in a 
diabasic tufl* of Cambrian age in Alto Aleintejo. This last rock 
is described by A Bensaude. {Comm, dos Trabalhoa Geologicos, 
Lisbonne, ii.) 

Charles Barrois has published a Memoir on the Distribution 
of Graptolites in France. His researches were undertaken with 
the view of testing whether the zones, that have been show*n to 
extend from Scotland to Scandinavia, were likewise present in 
France. Graptolites occur in Languedoc, the Pyrenees, the 
Corbieres, Ardennes, Normandy, and Brittany; but with the 
exception of those found in Languedoc and Normandy, tliey are 
as a rule poorly ])reserved and difficult of determination. They 
are found in greatest abundance in carbonaceous clay-slates, but 
they occur also in limestones and in sandy beds, showing that 
they were dispersed irrespective of sedimentary conditions. The 
results obtained by M. Barrois coincide generally with those of 
Prof. Lapworth in Britain, although less abundant material has 
been gathered in France, especially among the Ordovician rocks ; 
and thus several forms of Graptolites, elsewhere found, are at 
present unknown from the districts mentioned. The facts 
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obtained in both Ordovician and Silurian rocks of France show, 
however, the same sequence in the forms of life that characterize 
zones in other parts of Europe, and even in America. (Ann. 
Soc. Giol. du Nordj xx. 75.) 

J. E. Harr, in an article on Life-Zones in Lower Palaeozoic 
Kocks, points out the value of Graptolites in marking stages in 
the life-history of the older rocks, and in affording means for 
correlating strata in different areas all over the world. He points 
out the importance of variations in species that, by experience 
in the held, are found to characterise successive periods of time. 
These varieties that succeed one another in time, are different 
Irom those that co-exist with the normal form ; and he proposes 
to distinguish them by the term “ exallagous ” forms, for they are 
all important to the stratigrapher. In a supplementary note he 
mentions that the term ‘‘ mutations ” had previously been used to 
denote these variations of species in time. [Nattiral Science 
(1892), 124, 240.) 

J. E. Marr subdivides the Coniston Limestone series of the 
English Lake district and adjoining areas, as follows : — 


Ashgill Group ... 

Sleddale Group ... 
Roman Fell Group 


Ashgill shales 

Staurocephalus-limestone 
Applethwaite beds 

Oonjrlomerate 

Stile End beds 
Corona-beds ... 


50 feet. 


100 

10 

50 

100 


*♦ 


The author notes the characters of the strata and the principal 
fossils. The Corona-beds are characterised by the Brachiopod, 
Trematis corona, and the Staurocephalus-limestone by the 
Trilobite, Staurocephalus globiceps. The beds belong to the Bala 
or Caradoc series : but some of the pala?ontological horizons enable 
comparisons to be made further atield. Thus the Roman Fell 
beds are compared with the Beyrichia- limestone of Scandinavia, 
and the Trenton-limestone of Korth America ; while the equiva- 
lents of the Staurocephalus-limestone occur in many parts of 
Britain as well as in S^ndinavia. {GeoL Mag. [3], ix. 97.) 

J. E. Marr also gives a detailed account of the zones in the 
Wenlock and Ludlcw strata of the Lake district. (Geol. Mag. 
[3], ix. 534.) 

J. Milne Curran describes the Silurian, Devonian, and Upper 
Tertiary strata, as well as eruptive rocks, of Bathurst, in New 
South Wales. The Silurian rocks comprise slates and limestones, 
that have yielded Petraia, Stromatopora, Favosites, and Phillips- 
astraea. Resting unconformably upon these rocks, are sandstones 
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and grits of Devonian age ; they have yielded Spirifer disjunctus 
and Bhynchonella pleurodon* The newer deposits are all of 
Tertiary (Pliocene) and post-Tertiary age : and they are entirely 
alluvial. {Proe. Linnean Soc.j N, S. Wales, vi. 173.) 

^ohn H Clarke announces the discovery of Clymenia in the 
Upper Devonian rocks of western New York. The specimens 
were obtained in shales belonging to the Naples beds, and it is 
suggested that the fauna of these beds embraces representatives of 
the whole series of the European Upper Devonian faunas, from 
the base of the Goniatite-limestone to the base of the Culm-strata. 
(Amer. Jour. Sci., xliii. 67.) 

C. 8. Prosser gives an account of the Devonian system of eastern 
Pennsylvania. He describes the Lower Devonian (including 
Cauda-galli grit and Upper Helderberg or Corniferous limestone); 
the Middle Devonian (Marcellus shales and Hamilton stage) ; 
and the Upper Devonian (Tully limestone, Genessee shales, 
Portage, Chemung, and Catskill beds). Lists of fossils are given, 
and important data are thus furnished for correlating the strata 
with the Devonian series of central New York. (Amer. Jour. Sci., 
xliv. 210.) 

J. Gosselet, in a note on the relations between tlie Devonian 
and Carboniferous strata of Vis^, N.K of Liege, remarks that the 
Devonian limestone, belonging to the Frasnian stage, is overlain 
directly by the upper part of the Carboniferous limestone. The 
junction is so close that in the same block, part is Carboniferous 
and part Devonian; while the author states that between the 
two limestones there is an immense hiatus, corresponding to the 
Famennian, Toumaisian, Wauhortian, and the base of the Visean ; 
beds which elsewhere in the neighbourhood have a thickness of 
about 500 metres. (Comptes Rendus, cxiv. 1242.) 

£. J. Duxm announces tlie discovery of a Glacial conglomerate 
(probably of Carboniferous age) near Sandhui*st, in Victoria. 
(Rep. Department oj Mines, Melbourne, 1892 ; see also Nature, 
Nov. 17 and Dec. 1.) 

W. Boyd Dawkiiui relates facts concerning the further discovery 
of coal at Dover. Coal-measures were reached at a depth of 1,113 
feet from the surface, and had been proved to a further depth of 
nearly 750 feet. Nine seams of coal were found, and these had a 
united thickness of 1 7 feet 8 inches. The inclination of the beds 
was at the gentle angle of 2"*. (Trans. Manchester Geol. Soc., xxi. 
456.) E* Lorienz gives the most detailed account at present 
published of all the strata passed through in the Dover boring, 
from a report of Mr. Brady, engineer. (Ann. des Mines 
iL 227.) 
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II. — MESOZOIC OR SECONDARY. 

T. G. Boimey describes the rock-fragments found in th(j Per- 
mian breccia of Leicesterahire. Among these many of the old 
Chamwood rocks are represented, as well as various Carboniferous 
rocks. The occurrence of stones derived from the Coal-measuros 
supports the view of the unconformity between these strata and 
those of Permian age. With regard to certain striated fragments, 
though ice-transport was probable, he doubted if these were 
evidence of ice-action. {Midland Nat^ xv. 25, 49.) 

Maria M. Ogilvie discusses the sequence and fossils of the Upper 
Triassic strata of the neighbourhood of St. Cassian, in the Tyrol. 
These strata comprise, in ascending order, the Wengen beds, the 
Cassian beds, and the Schlern Dolomite. A detailed study of the 
rocks and fossils shows that further subdivision of the Wengen 
and Cassian beds can be made, each subdivision being distinguished 
by lithological and palaeontological characters peculiar to itself. 
{Geol Mag. [3], ix. 145.) 

A Leppla gives an account of the Permian and Triassic rocks, 
Zech stein and Buntsandstein, in Waldeck-Kassel. {JaJkrb. K. 
Preu88. Geol. Lande8. und Bergakad.y xi. 40.) 

M. Bertrand shows that “ outliers’’ of Muschelkalk and Varie- 
gated Marls occur on various newer Secondary strata, in the Vieux 
Beausset, at Rouve, and at Fontanieu, in the country between 
Marseilles and Toulon. Some of these outliers were at one 
time thought to be islands or bosses of Triassic strata, protruding 
through the newer rocks ; they have now been proved to be 
remnants of the strata, that had been shifted across the newer 
rocks by means of thrust-faulta {Bull. Soc. Giol. France [3], xix. 
1062.) 

J. Q. Ooodchild has discussed the classification of the New Red 
series of the Yale of Eden and the borders of the Lake district. 
These rocks rest with marked unconformity on the Coal-measures 
and older strata, and they are overlain by the Lias (and possibly 
Bhsstic beds) in the neighbourhood of Carlisle, They have been 
divided into Permian and Trias, although the plane of separation 
has been taken at different horizons by those who have made a 
study of the rocka In reality they are a continuous series of 
deposits, formed, from base to summit, under one set of conditions. 
The lower portion of the series includes beds of Magnesian lime- 
stone and Plant-beds (that may be correlated with ^e Magnesian 
Limestone of Durham and the Zechstein of Germany) ; and still 
older beds (of Penrith Sandstone) that contain footprints of 
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Saurians and Labyrinthodonts. The upper portions of the series 
ooinprise, in ascending order, gypsiferous marls, which Mr. 
Ooodchild proposes to term Bunter Marls, and these are overlain 
by the St. Bees Sandstone, which in his opinion passes up into 
the Kirklinton Sandstone. Both sandstones are grouped by him 
as Bunter Sandstone, and this division is overlain by the Keuper 
Marls. He sees evidence of local discordance between the Bunter 
Marls and the older portion of the New Red series, to which he 
would apply the term Dyas. He believes that the so-called 
Permian Rocks of Staffordshire and adjacent areas belong to an 
older set of beds than the Dyas just described — older, in fact, 
than the Magnesian Limestone series. These Permian rocks are 
intimately connected with the Carboniferous rocks, and may 
therefore partially fill up the gap between the Coal-measures and 
New Red rocks elsewhere. He would restrict the term Permian 
to this older group, and thus separate Permian from Dyas, 
placing the latter (with the Magnesian Limestone) in the Mesozoic 
division, and leaving the restricted Permian with the Palseozoic. 
{Rep. Brit. Assoc., 1892, in tJie press) and Trans. Cuniberland 
and Westmoreland Assoc., No. 17.) 

T. Tate records some recent borings in the Durham Salt- 
district. The evidence shows, in places beneath the Drift deposits, 
the following sequence in the New Red rocks : — 


Upper Keuper 
Permian 


Red Marls 

Red Sandstones and Marls 

Saliferous Marls 

Mag'nesian Limestone (with marls, 
anhydrite, and gypsum) 


495 feet. 
869 „ 
429 


299 


The beds are gi'ouped as above by the author. On Lackenby 
foreshore a boring 1,806 feet deep, proved a bed of rock-salt 119 
feet thick. {Quart. Jour. Geol. Soc., xlviii. 488.) 

E. Hull compares the New Red rocks of South Devon with 
those of the Midland and Western counties, and would classify 
them as follows {Quart. Jour. Geol. Soc., xlviii. 60) : — 

J Red Marls and Sandstone, with calcareous 
euper | Breccia at base : east of Sidmouth. 

( Sandstone : of Sidmouth. 

I ) Pebbly Sandstone and conglomerate : of Bud- 

[ Bunter j leigh Salterton. 

( Lower Red Marls and Sandstone : of Exmouth. 

Permian Breccias : of Teignmouth, etc. 


A. Irrlng also regards the main portion of the red sandstones 
of Sidmouth as Upper Bunter ; and although they have yielded 
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Amphibian and Reptilian remains that have been regarded as of 
Keuper age, he points to the occurrence of Amphibian remains 
in the Bunter beds of Germany, to show that their presence is no 
precise indication of horizon. He regards the Lower red marls 
and sandstone of Exmouth as the top of the Permian beds ; and 
the underlying breccias to belong also to that formation. In 
support of this view he points to the contemporaneous volcanic 
rocks as strong evidence of the Permian age of the breccias ; for 
such volcanic rocks are met with, not only in Ayrshire, but also 
in Germany in the same set of strata, while they are unknown in 
the Trias of those localities, {fiuart. Jour. GeoL Soc., xlviii. 68.) 

W. A. E. UsBher admits the probable Permian age of the New 
Red breccias of Devonshire. (GeoL Mag. [3], ix. 247.) 

The Sedgwick Prize Essay, by the late Thomas Roberts, on the 
Jurassic Rocks of Cambridge, has just been published. It 
contains accounts of the Oxford Clay, Corallian Beds, and 
Kimeridgo Clay, with full particulars of their organic remains. 
The Coral Rag and Coralline Oolite of Up ware are regarded as 
equivalent to the Ampthill Clay ; the Lower Calcareous Grit 
being represented by the Elsworth and St. Ives Rocks. The 
Upper Jurassic rocks of Cambridgeshire and Huntingdonshire 
are compared with those in other parts of England, and with 
equivalent beds in the Paris Basin, the Jura, and in Hanover, 

H. B. Woodward gives a general account of Geological Zones, 
with especial reference to those that may be recognised in British 
Jurassic rocks. (Proc. Geol. Asssoc.j xii. 295.) 

A deep boring at Mickleton Manor, Gloucestershire, has been 
completed by Messrs. Le Grand and SutclifF. After passing 
through about 280 feet of Middle Lias (marlstones, sands and 
shales), no less than 961 feet of Lower Lias limestones and 
shales were proved, then about 74 feet of Rhaetic Beds, and the 
boring was continued 27 feet into the Keuper Marls, having 
reached the depth of 1,342 feet. Tlie Lower Lias proved to be 
thicker than it is known to be elsewhere in Britain. 

C. F. Parona, in an account of the Lower Lias of Saltrio in 
Lombardy, enumerates, among others, many species familiar to 
this country, such as Pleuromya Galathea, Cardinia hybrids, 
Lima gigantea, etc. (Atti. ^lla Soc. Italiana di Sc. Nat.^ 
xxxiii. 69.) 

J. 8. Dillar and Alphaua Hyatt have published accounts of the 
Geology of the Taylorville Region of California, and they 
recognise a larger number of Jurassic formations than have been 
noticed elsewhere in the United States. The area where these 
are developed has been named Mount Jura, and this lies between 
s 2 
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Taylorville and Qenessee. Beds, referred with some doubt to the 
Upper lias, are recorded. They contain species of Goniomya, 
Gryphsea, Lima, Modiokt, Pecten, Pinna, Pleuromya, Ostrea, 
Trigonia, and also Glyphea, many of which are closely related to 
European Upper Lias forms, while others are nearer to Lower 
Lias forms. No Ammonites have at present been found in these 
beds, which are termed the Hardgrave Sandstone. In strata, 
grouped with the Inferior Oolite, thei-e are species allied to 
Ammonites Gervillei and A. toarcensis. In higher strata, 
assigned to the Callovian, there are few fossils ; but a still newer 
series of sandy rocks and tuffs has yielded species of Chemnitzia, 
Gryphsea, Trigonia, and Stylina, that have Corallian affinities. 
The beds are much folded and overthrust in places ; but it is stated 
that in some ureas the Inferior Oolite rests unconformably on Tri- 
assic limestone. The total thickness of the Jurassic strata is esti- 
mated to be 1,980 feet. {Bull. Soc. Geol. America^ iii. 369 and 395.) 

W. Kili an records the discovery of Upper Jurassic beds in 
the Alpine regions of Grand-Galibier (Hautes-Alpes). The beds 
belong to the Tithonic group, and they rest on Dogger (?) and 
Lias — all the strata being bent into an inverted synclinal. The 
Tithonic beds yield Aptychus Beyrichi, A. punctatus, Belemnites 
latus, B. Conradi, Phyllocrinus, etc. A breccia at the base is 
said to contain debris from the Trias and Lias. {Bull. Soc. Giol. 
France [3], xx. 21.) 

Paul Choffat briefly notes the occurrence of Rhynchonella 
correcta and some other fossils in the limestone of Gibraltar. 
He sees no reason to doubt that the rock is of Liassic age. {Bull. 
Soc. Giol. France [3], xx. p. ix.) 

A de Oroussouvre remarks that at the base of the feiTUginous 
oolite of Bayeux, in Normandy, there occur phosphatic nodules 
that enclose more or less rolled Ammonites, belonging to a lower 
stage of the Inferior Oolite. The species include Ammonites 
Sauzei, A. Brocchii, A. Gervillei, A. Brongniarti, etc. {Bull. Soc. 
Giol. France [3], xx. p. xix.) 

0. Bahrendseu enumerates, in more detail, the fossils of different 
J urassic, Cretaceous, and Tertiary rocks of the Argentine 
Cordilleras (noticed in tlie “ Year-Book for 1891, p. 290), and 
figures many new species. {Zeitsch. der Deutscli. Geol. Gesell.^yliv. 1.) 

A Pavlow and O. W. Lamplugh describe the Jurassic and 
Neooomian strata of Lincolnshire and of Speeton in Yorkshire, 
and compare them with equivalent beds in Russia an4 other 
tracts of country. Their researches lead them to concl^^ that 
the Spilsby Sandstone, and part of the Claxby ironstone of 
Lincolnshire, together with the Speeton Beds (above the 
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Kimeridge Clay) up to the top of the zone of Belemnites lateralis, 
should be grouped with the Portlandian and Purbeckian beds 
(Tithonic) ; while the higher beds, including the Tealby Clay and 
Limestone, belong to the Wealden beds and Lower Greensand. 
It is considered desirable to group the Portland and Purbeck 
beds together ; and on general grounds of convenience to place 
them both in the Jurassic system. The fossils of the Speeton 
beds and their equivalents are very fully described by M. Pavlow ; 
and they are illustrated by eleven plates. {Bull. Soc. Imp. dea 
NaturaliateSj Moscow^ Nos. Sand 4 for 1891, 1892.) 

E. Bigauz gives a particular account of the strata of the Bas 
Boulonnais. Silurian rocks have been proved by borings, and 
Devonian, Carboniferous, Jurassic, and Cretaceous strata appear 
at the surface. The Cretaceous rocks rest indifferently on the 
several Jurassic stages, and on the older rocks. Full lists of 
fossils are given. {Mem. Soc. Academique^ Boulogne^ xiv.) 

W. F. Hiune gives results of his observations on the Cretaceous 
rocks of south-west Hussia. The Upper Cretaceous strata (ex- 
clusive of Cenomanian) attain a thickness of 1,830 feet at 
Kharkoff, but this diminishes both eastwards and westwards. 
The beds consist of white chalk and chalk marl, the former 
usually (but not always) overlying rock of the latter tyi>e. The 
lithological variations appear to have no effect on the character of 
the fossils. Tertiary strata rest unconformably on the Cretaceous 
rocks, which are bent into folds. Underlying these Cretaceous 
rocks are Cenomanian beds, which lithologically are mainly green- 
sand, and are about 100 feet thick. {Geol. Mag. [3], ix. 385.) 

W. Tz^brikow points out that between the Jurassic (Tithonic) 
beds of the Crimea and the Lower Cretaceous strata (of 
Mediterranean type) there is an insensible gradation. {Bull. Soc. 
Imp. des Waturalistea, Moscow [N. S.], vi. 86.) 

A. Toucas tabulates the zones in the Cretaceous strata of 
Beausset. {Bull. Soc. Geol. de France [3], xix. 1,042.) 

Kalpb 8. Tarr expresses his opinion that Cretaceous rocks 
formerly covered the Palaeozoic region of Texas, and that some of 
the present streams have cut their way through these rocks, and 
have adjusted themselves to channels of ancient watercourses that 
were cut in the old rocks in pre-Cretaceous times. {Amer. Geol^ 
March, 1892.) 

HI. — TERTIARY. 

£. Delvau describes a bed of sands below the Ypresian clay, 
that represents, in Belgium, the Oldhaven beds of the London 
Basin. {Mem. Soc. GM, Belgigw^ xix. 83.) 
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M. Peron gives an account of the Middle and Upper Tertiary 
strata of Algeria. (Bull, Soc. Geol, de Fra/nce [3], xix. 922.) 

Louis Bollier describes the Tertiary strata of the J ura Bernois^ 
(Eclog, Geol, Helvet,^ iii. 43.) 

IV. — QUATERNARY. 

J. Prestwich details his observations on the Raised Beaches, 
and “ Head ” or Rubble-drift, of the South of England ; and 
discusses their relation to the Valley Drifts and to the Glacial 
Period. He is of opinion that the Raised Beaches of the south 
and south-west of England were contemporaneous with the newer 
river-drifts of the Thames and Somme valleys ; that an uplift 
not exceeding 120 feet followed the formation of these beaches; 
and then occurred the period of the Coast Oaves and their fauna, 
and of certain Raised Dunes of Blown Sand. He further argues 
in favour of a late post-Glacial submergence, evidence of which, 
perhaps to an extent of 1,000 feet, is recognised in the remark- 
able accumulations of angular gravel or “ Rubble-drift.” Re- 
elevation followed after a short interval, and during the 
emergence there was formed the main portion of this Rubble- 
drift, which includes the accumulations known as ‘‘ head,” as well 
as the Coombe Rock ” of Sussex, etc. Some of the fissures 
filled with ossiferous drift were formed during this period of 
elevation. Following this final upheaval are the Alluvium of our 
rivers, and other deposits grouped as Recent. The author con- 
cludes that Glacial times came, geologically speaking, to within a 
measumble distance of our own times, and that the transition was 
short and almost abrupt. (Quart, Jour, Geol, Soc.y xlviii. 263.) 

Clement Beid has described the succession of the Pleistocene 
deposits of the Sussex coast. Great boulders occur at the base 
of the series, some of them squeezed into the underlying Eocene 
strata. Among these are blocks, not only of greenstone and 
granite, but also of Eocene and Cretaceous rocks from the Isle 
of Wight, probably brought by shore ice ; and the discovery was 
announced of a mass of Bognor Rock showing a well-marked 
striated surface, also probably the work of shore ice. The over- 
lying sands and clays were shown to yield a temperate fauna and 
flora, while higher still in the series, the Coombe Rock bore 
evidence of a return of glacial conditions. The facts thus gave 
proof of an interglacial episode, and the author compared the 
sequence of events with that indicated by the Thames Valley 
deposits. He thought the low-lying marine glacial deposit of 
Sussex was the natural equivalent in time, though not in method 
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of formation, of the chalky Boulder Clay. The overlying marine 
and estuarine beds, with Corbicula fluminalis and remains of 
elephant and rhinoceros, compare with the fossiliferous loams of 
Ilford and other parts of the Thames Valley. The Coombe Bock 
is probably equivalent to certain wide-spread sheets of gravel in 
the Thames Valley, which Mr. Beid regards as frozen-soil gravels, 
laid down on plains sloping gently towards the river. {Quart. 
Jour, Geol, Soc,y xlviii. 344.) 

H. Hicks records the discovery of portions of a large tusk, the 
lower jaw, and other remains of the mammoth (Elephas primi- 
genius), together with other fossils, in the Pleistocene deposits, in 
Endsleigh Street, near Euston Station, London. The Mammoth 
remains were entombed in a dark clayey loam, that overlay the 
London Clay ; and in the same loam a number of plant-remains 
(mostly seeds) were found, and identified by Mr. Clement Reid. 
These plants belong to species that are usually found in marshy 
places or ponds; they include no typically Arctic species, but 
such as extend from the Arctic Circle to the south of Europe. 
Overlying the loam were deposits of gravel and sand ; then 
yellowish-brown clay with much race” (concretions of carbonate 
of lime), and on top the usual “made soil” that occurs over the 
London area. The author compared the brown clay containing 
“race” with a similar clay that underlies the Boulder Clay at 
Finchley; and he comes to the conclusion that the Mammoth 
and other animals existed in the area prior to the glaciation 
indicated by the Boulder Clay. {Quart, Jour, Geol, Soc,, xlviii. 453.) 

Sir H. H. Howorth cites a number of statements, which in his 
opinion prove that the beds in this country yielding remains of 
the Mammoth are older than the Glacial Drift. Geol. Mag. [3], 
ix. 396.) 

A Briart gives a particular account of the Hesbayan loams, 
and a general account of Quaternary times in Belgium. He 
divides the Hesbayan loams (limon hesbayen, of Dumont) into 
two distinct deposits : those of the higher plateaux and those of 
the plains. He considers that the two deposits follow on, 
respectively, the two principal epochs of glaciation, and that they 
were fresh-water lacustrine deposits. The Mammoth and the 
fauna associated with it, belong to an interglacial period between 
the two principal epochs of glaciation. {Ann. Soc, Giol, Belgique^ 
xix. 15.) 

H. Munthe has given a useful summary of what is known 
respecting the Quaternary strata of the Baltic shores and their 
fos^. {Bihang till K. Svenska. Vet Akad. UandUngar^ 
xviii.) 
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A. G. Nathont summarises the knowledge respecting the fossil 
plants found in Glacial deposits in dilerent countries, and 
indicates their_yalue in fixing horizons. (TJtrf., xviL) 

B. D. Salisbury contributes a preliminary paper on the Drift or 
Pleistocene Formations of New Jersey. He remarks that the 
total area of the North American ice-sheet, at the time of its 
maximum expansion, has been estimated to be something like 
4,000,000 square miles, and about thirteen times as large as the 
estimated area of the snow-field of Greenland at the present day. 
The ice-sheet had an earlier existence in Canada than in the 
United States ; it invaded, the northern, but not the southern, 
portion of New Jersey. The northern part of New Jersey is 
covered by a mantle of clay, sand, gravel, and boulders ; some- 
times in confused accumulations, at others in regular layers. 
This drift attains a thickness of 200 feet or more; and the 
general movement of the ice, as shown by strije, was to the S.S.E. 
The larger part of the drift was transported beneath the ice and 
in its basal portions ; part became lodged beneath the ice during 
its movement, and part was carried forward towards its edge and 
there deposited. Certain ridge-like belts, where the drift is 
thicker than elsewhere, are believed to mark the position in 
which the edge of the ice-sheet was constant) for considerable 
periods. The action of ice was accompanied by that of water, 
which flowed from the margin of the ice-sheet, (Ann. Report 
State Geologist^ New Jersey^ 1892.) 

F. J. H. Merrill contributes notes on the Post-Glacial Champlain 
Deposits of the Hudson River Valley. These deposits comprise 
estuarine beds of stratified clay and fine sand, that were laid 
down in still water ; and cross-bedded delta deposits of coarser 
material. They fringe the river-shores in teiTaces between New 
York and Albany, and extend westwards to Schenectady, where 
they attain an altitude of 340 feet. At Manhattan Island the 
elevation is at most 75 feet. The evidence quoted, leads to the 
conclusion that after the retreat of the continental glacier, there 
was a depression, amounting to about 340 feet in the vicinity of 
Albany, and to about 80 feet at New York. Next occurred a 
gradual elevation, amounting to 180 feet or more at New York, 
and to perhaps 400 feet at Albany. During this elevation exten- 
sive erosion of the estuarine deposits took place, and subsequently 
there followed a depression which has amounted to at least 
100 feet at New York, and which is apparently continuing at 
the present day. H. Bias supplements these observations with an 
account of the brick-clays, and of the manufacture of bricks. 
(Rep. State OeologUtj AUnmy, U.S.A.^ 1892.) 
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V. — MIlSCELLANEOtTS. 

W. Oibsoii has given a particular account of the Gold-bearing 
and associated rocks of the Southern Tmnsvaal. He finds that 
the gold-bearing conglomerates, together with the quartzites and 
shales of the Witwatersrandt, form one definite geological series ; 
but it has proved unfossiliferous, and neither its base nor its 
summit could be ascertained. The series is newer than the 
schists, granites, and gneisses that underlie it, and much older 
than liie coal-bearing strata that rest unconformably upon it. 
Evidence is brought forward to show that the rocks in question 
have been subjected to much overfolding and overthinisting, and 
that these movements have been accompanied by much meta- 
morphism. After the cessation of these earth-movements, there 
was a period of volcanic activity, basic dykes were injected, and 
much of the country was flooded with lava. The author’s 
observations tend to show that the gold-bearing rocks may occur 
over larger areas than those within which they have at present 
been found. {/Quart. Jour. Geol. Soc.y xlviii. 404.) 

A Issel has published three volumes entitled Liguria 
Geologica e Prehistorica ” (Genoa, 1892). It gives an account of 
the geology of the Mediterranean shores from Cannes and Nice 
to Genoa and Pisa, and is accompanied by geological and other 
map& 


PALAEONTOLOGY (VERTEBRATE). 

By R. LYDEKKER, F.G.S. 

1. GENERAL. 

BL G. Maaka describes the fauna of a cavern in Moravia with 
human bones in association with those of other mammals. 
(JaJirb. GeoL Reiclianstalty xli. 415, pL vii.) 

M. Kris has an article on the fauna of the Moravian caverns 
with lists of species. {Ibid., 442, pis. viii. — ix.) 

E. B. Ck)pe devotes an article to fossil vertebrates from Texas ; 
describing species ranging from the Pliocene to the Trias. (Proc. 
Amer. PhU. Soc., 1892, 123.) 

F. notices vertebrate remains from the Trias of Bogna, 
mear Friuli, Italy. These include two genera of fishes, ^e 
t^tilian Flacodus, and the scutes of Psephoderma; the position 
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of the latter among reptiles being still undetermined. {RendiconU 
R. Acc. Ztncei. [5], i. 284.) 

In a series of plates, accompanied with descriptive letterpress, 
H. N. Hutohinson attempts the restoration of the external form of 
a number of extinct animals, mainly vertebrates. {Extinct 
MonaterSj 8vo, illust., London, 1892.) 

II. MAMMALS AND BIRDS. 

North American. 

0. C. Marsh describes mammalian remains from the Laramie of 
Wyoming, mostly detached teeth. {Amer. Jour. Science [3J, xliii. 
249, pis. V. — xi.) 

H. F. Osborn and J. L. Wortmann have a memoir on the mammals 
from the Wahsatch and Wind River Eocene. Attention is 
directed to the homology of the secondary cusps on the molars of 
Ungulates; while another portion is devoted to the transition 
between the cheek-teeth of certain primitive carnivores and 
modem cats. A third part relates to the classification of Peris 
sodactyle Ungulates, in which it is urged that a phylogenetic 
syst-ein should be followed, so that the Eocene Hyracotherium, as 
well as the horse, should be included in the Equidae. {Bull. A'tner, 
Mu 8. Nat. Hist.j iv. 81, pi. iv.) 

£. D. Cope describes some new Tertiary mammals ; among 
them a hyaena-likc form (Borophagus), and an extinct genus of 
cat and another of weasel. {Amer. Nat.y xxvi. 1028.) 

South American. 

H. Bormeister publishes a critical memoir on extinct mammals of 
Argentina. The first section relates to the Ungulate Nesodon, 
and the author finds that a number of species and genera have 
been formed from the remains of a single species. It is shown 
that the alleged occurrence of enamel in the teeth of some Tertiary 
Edentates is incorrect. After the description of a new Megalonyx 
the memoir concludes with a notice of the Cetacean Saurodelphis, 
allied to Inia. {Annal. Mus, Buenos AireSy iii. 401, pis. viii. 
— ix. [1891].) 

Bnropean. 

A. Nehring records 14 species of small fossil mammals from a 
cave near Schaffhausen. {Verh. Anthrop. Ges.y 1892, 86.) 

A Hofinann continues his investigations df the miocene 
mammals of Styria, describing remains of two Carnivores, a 
Shrew, a Rodent, and a Chevrotain. {Jahrb. Geol. Beichs, anst.^ 
xliL 63, pis. ii. — iii.) 
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C. Dep^ret publishes a revision of the miocene mammals from 
La Grivei St. Alban, and other localities in the Rhone basin, 
with descriptions of new forms. Chalicotherium and Macro- 
therium, which are shown to be distinct, are regarded as fossorial 
Perissodactyle Ungalates. {Archiv. Mus, Lyon.^ v. 1, pis. i. — 
iv.) 

The same author continues his researches on the fossil 
mammals of the Pliocene of Roussillon, describing certain 
Carnivores, Rodents, Ungulates, and the monkey Dolicho- 
pithecus. This part also contains descriptions of the fossil birds 
of this formation, which are noticed below. {Mem, Soc, Gid . — 
PaZ., iiL 117, pis. i. — ii.) 

L. Eutimeyer has remarks on the Oligocene mammals of 
Egerkingen, referring to his own earlier work in connection with 
the homology of the cusps of molar teeth. {Verh, Nat, Ges. 
Baael,^ x. 101.) 

The same author contributes a monograph on the mammals of 
the above-named deposits. A considerable portion deals with the 
classification of Ungulates, these being divided into Trigodonts, or 
those with triangular three-cusped upper molar teeth, and 
Zygodonts, or those having quadrangular upper molars. A 
number of new forms (some allied to North American types) are 
described ; and the nomenclature or serial position of others is 
revised. {Abhandl, Schweiz, Pal, Ges,^ xviiL 1, pis. i. — viii.) 

C. J. F. Major discusses the fossil vertebrates of Samos. Atten- 
tion is directed to the systematic position of Chalicotherium. 
The notice concludes with a discussion as to the age of the 
deposits of Samos, Pikermi, and Maragha, which are regarded 
as upper Miocene. The Siwaliks are considered to be later, and 
more related to the Pliocene -of the Val dArno. A list of the 
vertebrates of Samos is given. {Samos^ Lausanne, 1892, ito.) 

African. 

A Pomal has notices of the Pleistocene and Pliocene mammals 
of Algeria and Tunis. The most interesting is a giraffe-like 
animal allied to Helladotherium, from the lower Pliocene, for 
which the name Libytherium is suggested. Pleistocene types 
include a monkey referred to Macacus, a Rodent allied to 
Arvicola, but with rooted teeth of simpler structure, described as 
Bramus^ a new Cervus, and an antelope allied to Cobus, as well 
as several mammals still living in Africa. {Comptes Bendits, cxiv. 
53 and 1159, and cxv. 100 and 213.) 

Primates. 

A Oaudiy has observations on remains of a monkey from a 
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Mvem in the JSaute-Oaronne* These appear to be the first 
indications of the existence of Primates in the Pleistocene of the 
Continent. (Com/ptes Rendua^ cxv. 1236.) 

Carnivores* 

B. Lydekker notices that a civet (Viverra) is common to the 
Oligocene of Hordwell and the Phosphorites of France. [Quart 
Jour, GeoL Soc.y xlviii. 373.) 

Rodents* 

E. T. Newton gives a description of the skull of the Gigantic 
Beaver (Trogontherium) of the Forest-bed, of which a notice 
appeared in 1891. (Trans, Zool, Soc,^ xiii. 165, pi. xix.) 

ITngrniAtes* 

W. £, Scott publishes a memoir on the horse-like Mesobippus 
and the Traguline Leptomeryx. The former is regarded as one 
of the ancestors of the horse, and distinct from the European 
Anchitherium, which is considered to be an offshoot. After the 
descriptive portion, there is a discussion as to the part “parallelism 
has played in mammalian evolution. (Jour, Morphology ^ v. 
301, pis. xii. — xxiii. [1891].) 

H. Poblig monographs the deer of the Thuringian travertine, 
with reference to their relationship to existing species, of which 
they merely form varieties. (Palaont4)graphica, xxxix. 215, pis. 
xxiv. — xxvii) 

A Nekring describes the skull of a variety of the extinct Irish 
Deer, approximating to the Fallow Deer. (Sitz-Ber, Nat Fr, Berlin^ 
1892, 3, and Deutsche Jdger-Zeitung^ xviii.) 

B. Lydekker notices a skull of Dacrytherium from the French 
Phosphorites, which turns out to be identical with Dichobune 
ovina from the Oligocene of the Isle of Wight. (Quart Jour. Geol. 
Soc.y xlviii. 1, pLi) 

O. C. Marsh notices the presence of polydactylism in existing 
horses. The additional di^ts are regarded as atavistic features. 
The paper concludes with a description of the feet of a number 
of extinct Perissodactyle Ungulates, with a discussion of the 
phylogeny of the horse. (Amer. Jour. Science [3J, xliii. 339.) 
This memoir is criticised by Cope (Amsr. NcU.y xxvl 410.) 

Marsh also describes five-toed Ungulates from the Eocene of 
North America, regarded as indicating a new order, Mesodactyla. 
(Amer. Jour, Science [3], xliii. 446.) 

H. F. Osborn discusses the affinities of the Perissodactyle Un- 
gulates from the European Eocene included in Lophiodon, and 
concludes that they indicate four genera and as many families. 



PAUBOKTOLOGY (vEBTEBEATE). 286 

The typical forms, like L. parisiensis, have no American ana- 
logues. L. annectans is considered to be allied to tl^e American 
IsectolophuR, which is placed with the Tapirs ; while L. cartieri 
and L. rbinocerodes are resi)ectively affiliated to Hyrachyus and 
Amynodon, the former belonging to the Hyrac^ontidae and 
the latter to the Rhinoceroses. {Amer, Nat.^ xxvi. 763.) 

Madame M. Pavlow has a memoir on the fossil rhinoceroses of 
Russia, and the phylogeny of the group. The woolly rhinoceros 
is considered to be allied to the Leptorhine species, and not to 
the living African Burchell’s rhinoceros. One of the European 
Oligocene species is referred to the North American Amyn<^on. 
The phylogeny of the family is illustrated by a table. {BvlU Soc. 
Moscow^ 1892, 147, pis. iii. — v.) 

C. Earle has a memoir on the North American Falseosyops 
and its allies. It is shown that these Perissodactyles are so 
closely allied to the larger homed forms from the Miocene de- 
scribed as Titanotherium, that the latter must be regarded as the 
descendants of the former, and the whole included in a single 
family. The phylogeny is thus brought into harmony with the 
geological sequence of the forms ; the specialisation increasing 
from the earliest to the latest developments. {Jour. Acad, Fhilor 
delphia, ix. 267, pis. x — xiv.) 

H. F. Osborn writes a discussion on the structure of the foot of 
the five-toed Eocene Ungulate Meniscotherium, and comes to the 
conclusion that it is allied to Chalicotherium. {Amer. 
xxvi. 507.) 

C. Earle revises the American species of Coryphodon, pointing 
out in what manner the molars resemble those of other Ungulates. 
He reduces the number of nominal species. {Bull. Amer, Mvs. 
Nat. Hist., iv. 149—166.) 

H. Hicks records the occurrence of Mammoth, Horse, and Red 
Deer in a loam-bed in Endsleigh Street, London. The deposits 
overlying are regarded by Dr. Hicks as glacial ; and it is in- 
ferred that the animals lived on that area during the early 
part of the Glacial period. {Quart, Jour. Geol. Soc., xlviii. 
453 ; see also p. 279.) 

Sirenlaasu 

R. Lydekker describes part of the upper jaw of a Sirenianfrom 
the Italian tertiary, remarkable for the structure of its molars. 
These teeth show a structure msembling a degenerate modification 
of the type obtaining in Selenodont Arti^actyle Ungulates ; 
and it is inferred that Sirenians are allied to Artiodactyles with 
that type of tooth-structure. In the course of the paper it was 



286 


THE YSAB-BOOK OF SCIENCE. 


shown that Halitherium veronerse should be transferred to 
Prorastoma, previously known by a skull from the Tertiary of 
Jamaica. {Proc. ZooL Soc,, 1892, 77.) 

Cetaceans. 

F. P. Morend gives an account of the skulls of two Cetaceans 
from the Tertiary of Argentina, regarded as indicating as many 
new generic types, seemingly allied to the Dolphins. (Rev. Mub. 
La Plata^ iii. 389, pis. x. — xi.) 

Marsupials. 

C. W.de Vis publishes remarks on the fossil Wombats of 
Australia, in which he denies that the chisel-like incisors described 
as Sceparnodon pertain to Phascolonus. (P. Linn. Soc. N.S. W. 
[4], vi. 235 [1891].) 

The same author has further observations on the incisors of 
Sceparnodon. (Und ^ 258, pi. xxii.) 

He also enters upon the question of the affinity of Notothe- 
rium to the allied genera. (/6^^/., 159.) 

£. D. Cope describes (as Thloeodon) a jaw from the Laramie, 
considered to indicate a marsupial or monotreme. (Amer. Nat.^ 
x^iv. 758.) 

Birds. 

0. C. Marsh describes the coracoid of a bird from the Laramie 
of the United States, under the name of Cimolopteryx. (Amer, 
Jour. Science [3], xliv. 175, pi. iii., fig. 2.) 

F. Axneghino revises the fossil birds of Argentina. The number 
of genera and species proposed by Moreno and Mercerat is shown 
to be excessive ; and some other emendations are made. Certain 
new forms, however, are described. (Riv. Argent. Hist. Nat.^ i. 
441 [1891].) 

C. Dep^ret has a memoir on the Pliocene birds of Rousillon. Five 
species are recorded, namely, a Corvus, a thrush, three Gallinaceous 
forms, and an Anserine. Their affinities appear to be with living 
Indo-Malayan types. (Compies Rendua^ cxiv. 690 ; and Mdm. 
Soc. Geoly Pal.y iii. 117, pi. iii.) 

R. Lydekker describes a series of bird-bones from the Pleistocene 
of Sardinia and Corsica. The named forms are referred to exist- 
ing genera and species. The whole fauna is of an African type. 
(Proc. Zool. Soc.y 1891, 467, pi. xxvii. [1892].) 

The same author has notes on remains of a stork from the 
Allier Oligocene, referred to Propela^gus. (Ibid.y 476 — 479.) 

A MUne-Edwards describes bird-remains from the Phosphorites 
of France. They include an eagle, an extinct genus of owl, 
Beveiul extinct generic types of Passeres and Picarians, a sand- 
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grouse, and two species of the extinct genus Palseorfcyx, an 
extinct cranedike genus (Geranopsis), a heron, two species of rail, 
and several extinct generic types of Ralline birds. The Passerine 
genus Tachyornis had been described by Lydekker as ^gialomis, 
which has precedence. {Compte Rendu d, Congris ornitlwL 
internal.^ 21 pp.) 

C. W. de Vis continues his researches on the birds of the 
superficial deposits of Queensland. The bones described are 
mostly fragments, and are considered to indicate an extinct genus 
of Accipitrines, an extinct Tribonyx, a Porphyrio, and a 
Qallinula, an extinct genus of storks (Palseopelargus), a 
Spoonbill, a Pelican, and an Emeu. Of wider interest is the 
alleged occurrence of a Kiwi (Apterygidae). The paper concludes 
with a list of birds described from these deposits. (Proc, Linn^ 
/Sbc., N,S. W, [2], vi. 437, pis. xxiii, xxiv.) 

H. 0. Forbes describes fossil birds from New Zealand and Chat- 
ham Island. Among those from the mainland is a new genus of 
Moa — Palseocasuarius — and a species of Coreopsis. From Chatham 
Island the most interesting is a species of Aphanapteryx, pre- 
viously recorded only from Mauritius. {Trans. New Zealand 
Inst,^ xxiv. 185.) 

F. W. Hutton contributes a memoir on the Moas. It is con- 
cluded that they should be arranged in seven genera, Dinomis, 
Palapteryx, Anomalopteryx, Oela, Mesopteryx, Syornis, and 
Euryapteryx. This arrangement differs from other classifications, 
owing to the circumstance that, according to the author, some of 
the species in the British Museum collection have the wrong 
skulls assigned to them. The genera are classified by the char- 
acters of the skull, supplemented by those of the sternum ; and 
it is considered that one of the species retained a rudimentary 
wing. The number of species admitted is 25 ; most of these 
are from sui:)erficial deposits, although one Anomalopteryx is 
regarded as Pliocene or Miocene. The Moas are considered to 
be related to Emeus, Cassowaries, and Kiwis ; but are regarded 
as nearer to the Caiinates than are any other flightless birds. 
An hypothesis is offered as to their origin, and also as to 
their great development. In the North Island it is considered 
that they were exterminated four or five centuries ago, while 
in the South Island they may have lingered a century longer. 
{N. Zeal. Jour. Science^ L 247 ; and Trans. N. Zeal. Inst.^ xxiv. 
93, pis. XV. — xvii.) 

The same author has observations on the origin and relation- 
ships of the various extinct groups of Batite birds. {Rep. AustraU 
e., 1892, sec. D, art. 1.) 
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A. Hamfltatt discusses the stones presumed to hare been carried 
hy the Moas in their gizzards. (Tram. New Eeah Inet, xxxv. 
172.) 

The same writer records further specimens of the Balline 
AptomiSi and shows that many of the remains referred to it 
belong to other forms. (Ibid., 175.) 

B. Lydekker describes Moa bones regarded as indicating a new 
species — Pachyomie rothschildi. IProc. Zool. Soc., 1891, 479, pi. 
zxxviiL [1892].) 

H. C. Field notices the discoveiy of Moa bones associated with 
stone implements, and regards them as of recent date. {Trans. 
New Zeal. InsL^ xxiv. 558.) 

B. W. Shufeldt describes and figures bird-remains from the 
upper Tertiary of Oregon. {Jour, Acad, Philnd, [2], ix. 389, pis. 
XV. — xvii.) 

III. — REPTILES. 

General. 

E. D. Cope describes the homologies and relations of the bony 
arches in the posterior region of the skulls of reptiles. He mainly 
refers to extinct forms; and shows how the skulls of all 
reptiles may be derived from the completely roofed skulls of 
Labyrinthodonts by a kind of trephining procesi^. Diagrams of 
the skulls of the various orderi^ show the arran^ment of these 
foramina and of the adjacent bony arches. {TVans, Afner. Phil. 
Soc.y xvii., 1, pis. i.-v. ; and Amer. Nat,^ xxvi. 407, pis. xv. 
-xvii.) 

Dinosaurs. 

£. T. Newton describes an Iguanodont tooth obtained from the 
chalk near Hitchin, referred to Iguanodon. {Geol. Mag. [3], 
ix., 49.) 

H. O. Seeley has notes on the pelvis of Polacanthus from the 
Wealden. It is inferred that this Dinosaur was more nearly 
allied to Stegosaurus and Omosaurus than had been hitherto 
supposed, and that its relationship to Hylaeosaurus was close. 
{Quart, Jour, Geol. Soc,^ xlviiL 81.) 

B. Lydekker describes the pelvis of an Armoured Dinosaur 
from the Wealden, referred to a second species of Polacanthus, 
distinguished by the armour being smooth. It is pointed out 
that the name Polacanthus is inadmissible. (/&uf., 148.) 

The same author has notes on the foot bones of a Sauropodous 
Dinofiaur from the WeaMen. {Ibid., 376.) 

B. D. 09p9 describes the skull the Laramie, 
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stating that the American Ceratosaurus is inseparable from the 
European Meg^osaurus. {Proc. Anier. Phil. Soc.y yxx. 240.) 

0. C. Marsh describes the skull of a Dinosaur from the Laramie, 
characterised by the presence of oval vacuities in the posterior 
border, and hence named Torosaunis. (Amer. Jowr. Sci. [31, 
xliii. 81, pis. ii.~iii) 

The same author states that the bird-like Dinosaur described 
as Ornithomimus belongs to the carnivorous and not to the 
herbivorous group, (/iirf., 451.) 

He has also a paper on the Triassic Dinosaurs of Europe and 
North America, in which it is shown thiit while the 
Thecodontosaurus and the American Anchisaurus are related, 
they are distinguished by the shape of the coracoid, which is 
entire in the former but fenestrated in the latter. (Jbid.y 543, 
pis. xv.-xvii.) 

In a fourth paper Marsh contrasts the limb-bones of the 
Cretaceous Claosaurus with those of the Jurassic Stegosaurus and 
Camptosaurus. It is shown that in the latter the ilium had an 
anterior process, as in Iguanodon. Teeth from the Laramie are 
described, some of which are reptilian, while others may prove to 
be mammalian. Restorations of the limbs of several Dinosaurs 
are given. (/6irf., xliv. 171, pis. ii.~v.) 

E. D. Cope describes Dinosaurian remains from the Laramie. 
Some are referred to the new genera Manospondylus and Clao- 
rhynchus, while others are assigned to Agathaumas and Ptero- 
pelyx. Claosaurus, Marsh, is declared to be identical with the 
latter/ {Amer. Nat.^ xxvi. 756.) 

O. C. Marsh gives restorations of the skeletons of Claosaurus 
and Ceratosaurus, maintaining their distinctness from the genera 
with which they are identified by Cope. {Amer. Jo\i/r. Sci. [3], 
xliv. 343, pis. VL-vii.) 

H. O. Seeley publishes an epitome of a paper on the Saurischian 
Dinosaurs of Europe. It is considered that the genus Belodon is 
nearly allied to the Cetiosauria, while Stagonolepis is equally 
nearly related to the Megalosauria. The European Triassic 
Zanclodon, Thecodontosaurus, and Palseosaurus, are then dis- 
cussed ; after which there is a notice of Massospondylus, 
Euscelesaurus, and other South African forms. In conclusion it 
is considered that Pterodactyles are quite as nearly related to the 
Sauropodous and Theropodous Dinosaurs as are birds to the 
Iguanodonts. {Proc. Geol. Soc.y 1892, 188.) 

Crocodiltaiifi« 

G. Ckipellini . publishes a memoir on the skull of the long- 
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snouted Crocodile from the Tertiary of Cagliari, of which he had 
given a preliminary description previously, and named Tomistoma 
calaritanus. {Atti. Ac, Lincei, Rom, [4], vi. 607, pis. i-iv.) 

Uzards and Serpents. 

A. Gaudry has a preliminary note on some Mosasaurian remains 
from the Cretaceous of France. {Comptea Rendua^ cxiv. 1236.) 

D. C. Marsh describes remains of a snake from the Laramie of 
Wyoming as Coniophis ; this being the second recorded instance 
of the occurrence of ophidians in jstrata older than the Eocene. 
He likewise records a lizard from the same horizon. {Amer. Jour, 
Sci, [3], xliii. 450.) 

Rhynclioccphalians. 

L. Dollo contributes information on the structure and affinities 
of the long-snouted, and probably aquatic, Bhynchocephalian 
Champsosaurus from the lower Eocene of Belgium ; and in the 
course of the memoir amends the classification of the Rhyncho- 
cephalian order. {Bull, Soc. Belg, GeoLy v. 53, pis. vi.~viii.) 

Ichthyosaurians. 

E. Fraas publishes a note on the skeleton of an Ichthyosaur 
from the Lias of Wiirttemberg, with the contour of the soft parts 
preserved. This confirms the existence of a tail-fin, and also 
demonstrates that the back was furnished with an erect triangular 
fin, behind which came a series of horny excrescences. The tail- 
fin is vertical, and is externally symmetrical, although the 
extremity of the vertebral column is continued into the lower 
lobe. {Jahrb, f, Min,y 1892, ii. 87 ; aee also Nat, Sci,, i. 
514.) 

The same author describes an Ichthyosaur from the middle 
Lias of Wiirttemberg, presenting characters intermediate between 
upper and lower Liassic types. {JaJireah, Ver. Vat, Naturkuude 
Wiirt,, 1892, 22, pi. i.) 

[For PECTORAL GIRDLE, acc Under next heading.] 

Plesiosaurianfiu 

H. G. Seeley discusses the structure of the pectoral girdle in the 
Plesiosaurs, with a notice of that of the Ichthyosaurs. It 
is inferred that in the latter there was a cartilage in advance of 
the coracoid, and internal to the front half of the scapula repre- 
senting the precoracoid of Anomodont rei)tiles. After a review 
of different theories of the shoulder-girdle in the Plesiosaurs and 
their allies, it appears to be concluded that while the median 
expansions of the scapulae in certain forms simulate precoraeoids, 
they cannot be definitely regarded as such, but may be inward 
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growths of tho scdpulse corresponding to the forward extensions of 
the coracoids. It is further inferred that the median element 
found in the pectoral girdle of the Plesiosaurs is of tripartite 
origin, and represents the interclavicle and clavicles, having no 
correlation with the omosternum. This compound element is 
correlated with the clavicular bar of the Nothosaurs. A dis- 
cussion follows as to the generic character of the Jurassie and 
Cretaceous Plesiosaurs, which are considered to represent a 
separate family, Elasmosauridae. Some forms regarded as new 
are described, and modifications of previous classifications suggested. 
Other observations relate to the identification of Rhomaleosaurus 
with Thaumatosaurus, which is not accepted. The paper con- 
cludes with a new scheme of classification, in which the order is 
divided into two main groups, according as to whether the ribs 
articulate by two heads or by one. The former group is sub- 
divided into a long-necked section, represented by Plesiosaurus 
and Eretmosaurus ; and a short-necked section, including 
Rhomaleosaurus and Pliosaurus. The second group includes 
Polyptychodon and the Elasmosauridse — the latter being repre- 
sented by nine genera. {Proc, Roy, Soc.^ li. 119.) 

J. W. Hulke contributes a paper reviewing the above con- 
elusions, in which it is urged that there is no evidence of the 
presence of a precoracoid in Ichthyosaurs ; while among Plesio- 
saurians it is contended that the ventral element of the anterior 
portion of the pectoral girdle is really a precoracoid, its doreal 
moiety representing the scapula of other reptiles. cit,^ Hi. 

233.) 

H. G. Seeley describes specimens of Mesosaurians from the 
Secondary rocks of South Africa. It is considered that the 
African Mesosaurus is distinct from the South American Stereo- 
sternum, as there appears to be a difierence in the number of the 
sacral vertebrsB and the mode of junction of the coracoids. It is 
concluded that the group is closely allied to Neusticosaurus of the 
Trias of Wiirttemberg ; and the author would regard the whole 
group — Mesosauria — as distinct from the one embracing the 
Nothosaurs. {Quart, Jour, Geol, Soc,^ xlviii. 586, pi. xviii.) 

The same author describes the skeleton of a reptile from South 
Africa, apparently allied to the above, as Eunotosaurus. {Ibid , 
583.) 

Anomodonts. 

H. G. Seeley describes a skull from the Karoo system of South 
Africa, regarded as allied to -ffilurosaurus. {Quart, Jour, Geol, 
Soc,y xlviii. 469.) 

He has also notes on a jaw from the same deposits, referred to 
T 2 
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Endothiodon. It is noteworthy on account of the serrated edges 
of the comers of the teeth. {IbitL^ 476.) 

Seeley also gives a complete restoration of the skeleton of 
Pariasaurus, together with a discussion of the affinities of the 
Anomodonts, among which the Mesosauria are included. {Phil. 
Trans., clxxxiii,, B. 311, pis. xvii. — xxix.) 

G. B. Howes cUscusses the shoulder-girdle of some of the Dicyn- 
odonts, and makes certain emendations on previous determinations 
of the homology of some of its elements. {Jour. Anat. Phys., 
xxvi. 403.) 

E. T. Newton publishes an announcement of the discovery of a 
Dicynodont fauna in the Trias of Elgin, several of the forms 
being apparently allied to those from South Africa and India. 
Another reptile suggests affinity with the South African 
Pariasaurus. {Geol. Mag. [3], ix. 615.) 

IV. — ^FISHES. 

Oeneral. 

A. S. Woodward has a paper on the evolution of the fins as 
deduced from extinct forms. It being evident that the median 
fins are essentially the same in structure as the paired fins, 
while it is known that the former arise from a longitudinal fold 
of skin, it is inferred that the latter originate from two lateral 
folds of the same nature. The development of the fins 
of the two systems follows a nearly identical course, except 
that there are two modes of reduction in median fins, against one 
in the paired fins. It remains a problem why both the dorsal and 
lateral folds, when subdivided by concentration, persist only at 
two points. {Nat. Science, i. 28.) 

The same author contributes remarks on the lowest types of 
Vertebrate animals. Reference is made to the limbless Palseo- 
spondylus from the Old Red Sandstone, which is probably allied 
to the Lampreys. The author then discusses Pteraspis and 
Cephalaspis and their allies ; and from the fact that in 
Acanthaspis the pectoral appendages are united with the dorsal 
shield, suggests that these are not comparable with the limbs of 
the higher fishes. {Ibid., i. 596.) 

In a third memoir Woodward draws attention to the mode of 
evolution of sharks’ teeth. In those forms with forked teeth, 
like Diplodus, it is considered that there has been a union of two 
distinct cusps, while in those with large plate-like teeth covering 
a considerable area, not only a number of adjacent teeth, but 
likewise those belonging to several successional series, have 
coalesced. On the o^er hand, in Notidanus and its allies there 
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is evidence of the linear mnltiplication of snooessional cusps. 
{Ibid., 672.) 

nrorth American. 

E. D. Cope has a memoir on the characters of North American 
Palaeozoic fishes. Part relates to the gigantic Macropetalichthys, 
formerly considered to be allied to the Sturgeons. The author 
confirms the opinion that this genus really belongs to the 
Arthrodiran section of the Dipnoans. Several Elasmobranchs are 
described. (Froc. U.S. Nat. Mva., xiv. 447, pis. xxviii. — xxxiii. 
[1891].) 

The same author has a paper on the Palaeozoic fishes of 
Pennsylvania, with a notice of a skull of Megalichthys from 
the Carboniferous of Kansas. Several new species belonging to 
various genera are described. {Proc. Amer, Phil, Soc.^ xxx. 221, 
pis. vii., viii.) 

C. D. Walcott issues notes on the discovery of vertebrate remains 
in the Silurian (Ordovician) of Colorado, these being referred to 
Octracoderms, Elasmobranchs, and Ohimaeroids. {Bull, Amer, Geol. 
Soc,j iii. 153, pis. iii. — v.) 

A. S. Woodward describes fish-remains from the Devonian of 
Quebec, including Elasmobranchs, a Cephalaspis, the allied 
Phlyctaenaspis, a new Ooccosteus, and a new Diplacanthus. The 
supposed jaw-plates of Bothriolepis are shown to belong to the 
head-shield. The close relationship of the fauna to that of the 
Kussian Devonian is pointed out. {Geol. Mag, [3], ix. 1, and 
481, pis. i. and xiii.) 

European. 

F. Bassani contributes a memoir on the fish from the schists of 
Mont Peltine, near Salerno, regarded as Triassic. They include 
Ccelacanthus, Belonorhynchus, Pholidophorus, Peltopleurus, 
Dapedius,and Lepidotus. {Mem. Soc. 'Ital. Sci. [3], ix. 1.) 

A. S. Woodward publishes observations on the fishes of the 
English lower Oolites. Five species, belonging to as many 
genera, are described, the most interesting being a skull of 
Mesodon from the Great Oolite of Kingsthorpe, showing the 
bones of the head and the teeth. {Proc. Geol. Assoc.^ xii. 238, 
pL iv.) 

Ostraeoderms. 

E. W. Claypole remarks on , the structure of the Silurian 
American Palseaspis, with observations on the family to which it 
belongs. A restoration of one species is attempted, and a new 
definition of the genus given. (Quart. Jour. Geol. Soc.^ xlviii. 
642.) 
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J. V. Bohon publishes a memoir on the structure of Pteraspis, in 
which it is pointed out that the shield is histologically similar to 
that of Pteraspis, and different from that of Coccosteus. ( Verh. 
Iiu88, k. Mineral, Ges. St, P^terab,,^ xxviii. 25, pi. vii [1891].) 

The same author describes remains of Tremataspis and 
Thyestes (= Auchenaspis) from the Silurian of Oesel, with 
illustrations of their internal structure. {Mem, Ac, St. P^tersb,, 
xxxviii., No. 13, 2 pis.) 

(See also Woodward, eupra^ p. 293.) 

Clasmobranchs. 

A. 8. Woodward makes a contribution to our knowledge of the 
Hybodont and Cestraciont Sharks of the Cretaceous. It is 
shown that one of these is a typical Hybodus, while a second 
belongs to Synechodus, a third confirming the existence of the 
Australian Cestracion in the Cretaceous. (Proc. Yorka, Geol. Soc., 
xii 62, pis. i., ii.) 

The same writer describes the structure of the Cretaceous 
Sawfish (Sclerorhynchus), which is shown to be a primitive type 
with a ray-like body. {Geol, Mag, [3], ix., 529.) 

E. T. Newton records the occurrence of Onychodus in the 
Devonian of Scotland. {Geol. Mag, [3], ix. 51.) 

B. Etheridge and A. 8. Woodward record Belonostomus in the 
Cretaceous of Queensland. {Tram. R. Soc, Victoria^ for 1891, 
1, pi. i.) 

A. B. Crook describes remains of saurodont fishes from the 
Cretaceous of Kansas, referable to the families Stradontidse, 
Protosphyrsenidae, and Ichthyodectidae, the latter being repre- 
sented by the genera Portheus, Daptinus, and Ichthyodectes. 
{Palceontographica^ xxxix. 107, pis. xv. — xviii.) 

0. M. Beis discusses the osteology and systematic position of 
the genera Belonorhynchus and Tetragonolepis. {Geognoaiiadie 
Jahreahefte for 1891, 143 [1892].) 

Teleostomes. 

0. M. Bais describes the Coelacanths, dealing with the general 
osteology, the bones of the head, the nature of the integument, 
and the internal organs. Restorations are given of two species 
belonging to Undina. {Inaugural-Diaaertation k. Univeraitdt z, 
Miinchen^ Munich, 1892, 2 pis.) 

A Andrea has notes on the occurrence of the existing American 
Lcpidosteus (Qarpike) and Amia in the Miocene of Mayence ; 
and concludes with some observations on the relationship between 
tha .fMina of these beds and that of some of the American 
TfftiaciM {Verhandl, Nat, Med. Fereins, Heidelberg [2], v. 1), 
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Chimeeroids. 

A. 8. Woodward records new types of Chimseroids from the 
English Oxford and Kimmeridge Clays, exemplified by specimens 
of jaws and teeth. Two indicate new genera — Pachymylus, and 
Brachymylus, while the third belongs to Elasmodectes, hitherto 
known from the Cretaceous. (Ann. Mag. Nat. Hist. [6*1, x. 13, 
pi. iii.) 

The same writer describes the skeleton of a Chimseroid 
(Ischyodus) from the Oxford Clay of Christian Malford, which is 
the first example of a skeleton from English rocks. (Ihid.y ix. 94.) 

Dipnoans. 

E. W. Claypole describes a gigantic fish (Gorgonichthys) from 
the Devonian of Ohio, allied to Dinichthys ; the length of its 
jaw being 25 inches. (Arner. Geol.y x. 1.) 

PALEONTOLOGY (INVERTEBRATE). 

By J. W. GREGORY, F.G.S.* 

Tub work on Invertebrate Palseontology during 1892 does not 
appear to have been rewarded by the description of any fossils 
with very novel characters, or of any very special systematic 
interest. The year, however, has seen several important 
monographs on groups which, owing to the rarity of specimens, 
or the difiiculty of study, have previously been neglected ; such 
are Dr. Rust^s monograph on the Radiolaria, and Hinde and 
Holme’s memoir on the sponge deposits of Oamaru in New 
Zealand. The most striking character of the year’s work, 
however, is the increasing importance attached to the study of 
faunas as distinct from species : the abandonment of the doctrine 
of special centres of creation and the acceptance of evolution have 
been rather tardily followed by the practical recognition of the 
fact that, as species result from adaptation to environment, 
similar conditions may lead to the independent evolution of forms 
specifically indistinguishable along quite different lines. Hence 
the occurrence of the same species of brachiopod, for Example, 
in two distinct areas, need not be proof of the original connec- 
tion of those areas, either directly or through any locality in 

♦ Mr. Gregory left England for Eastern Africa early in November : 
the Editor is indebted to T. T. Groom, Esq., F.G.S., for com- 
pleting the work ; also to F. A, Bather, Esq., F.G.S., for contributing 
notes on the Cystideans, Crinoids, 2&nd Braohiopods, and for help in 
revision. 
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connection with both. The necessity has therefoise become apparent 
for the study and comparison of faunas, rather than of species, in 
the opinion of those paleontologists who have adopts these 
views, (See, however, p. 301.) 

Many important gaps in our knowledge of paleozoological 
distribution have been filled in by the description of fossil faunas 
from little-known regions ; such are the welcome additions made 
to our knowledge of the Lower Mesozoic faunas of Malaysia by 
Dr. Rothpletz, to the American Der\-onian faunas by Steinmann 
and Ulriches description of fossils from Bolivia, or to the general 
palssontology of the Southern Andes by Behrendsen, and of Asia 
Minor by Bittner. 

Ano^er series of papers which deserve especial mention are 
those which owe their interest to the horizon from which the 
fossils came, and their consequent geological evidence. Foremost 
amongst these is the remarkable discovery by Parma of Badiolaria 
in a seriesiof schists in the Cottian Alps, which have been assigned 
to the Upper Archean. Prof. Barrois has also discovered a series 
of Badiolaria in beds which are probably truly Precambrian.* 
To the same category belong the papers in which Col. J. F. N. 
Delgado has recorded the discoveries of fossils in some of the 
older Palaeozoic rocks of Portugal, and the numerous papers on 
the Olenellus fauna roused by the interest excited by the great 
monograph of Mr. Walcott, published in 1891. The description 
of a new echinoid from Barbados may also be mentioned, as it 
helps to fix the latest date for the famous deep-sea radiolarian 
beds of that island. 

SYSTEMATIC SUMMARY. 

General and Indexes. 

H. 8. Williaxm. The Scope of Palaeontology and its Value to 
Greologists” — {Amer. Oeol,^ x. pp. 148 — 169) — the Presidential 
Address to the Geological Section of the American Association 
for the Advancement of Science. — In this Prof. Williams 
enunciates the principles which must guide geologists in the 
application of the facts of palaeontology, and on which he hats 
proceeded in the first of the series of Correlation papers (that on 
the Devonian) issued last year by the American Geological Survey. 
He points out that the simple methods of correlation by mere 
percentages of species will hold no longer, as bathymetrical 
differences within 50 miles may swamp those due to age or 

* At the meeting of the British Association in Edinburgh, Prof. SoUas 
gave an aoooont of some structures which he had detected in the slaty 
rooks of Howth (oo. Dublin) and thought were probably Badiolaria. 



GENERAL FAUNAS. 

European. 

H. Hicks. The Fauna of the Olenelliis Zone in Wales.” 
{GeoL Mag. [3], ix. 21.) — A short paper arguing that the 
little available palseontological evidence shows that the Olenellus 
zone is represented both in North Wales and in the Caerfai 
group of St. David^s. 

S. Wohnuann and E. Koken. Die Fauna der Baibler 
Schichten vom Schlernplateau.” {ZeiU deutsch. GeoL GeselL^ xliv. 
167, pi. vi. — xvi.) — An extensive addition to the knowledge 
of one of the richest and most interesting faunas of the Trias 
of Central Europe. 

E. SchelllvieE. Die Fauna des kamischen Fusulinenkalks.” 
{Palceontograph.^ xxxix, lief, i.) — This is of value owing to the 
important additions to the knowledge of the anatomy of the 
Carboniferous Foraminifera. 

M. Koch. “Tiber Petrefactenkunde und Zusamraensetzung 
der Quartzitablagerungen im Bruckberg-Ackern-Gebiet.” {Jahrb. 
h Preu88, GeoL Landee. und Bergahad^ Berlin (1890), Bd. xi, 
1892, 32.) — The discovery of these fossils enables the author 
to render more precise the subdivision and correlation of the 
great Devonian quartzites of the Harz Mountains ; he divides 
these into three zones. 

C. Barrois recognises in the fossils found by Almem, in the 
neighbourhood of Barcelona, forms belonging to a number of 
horizons in the Ordovician, Silurian, and Hercynian formations. 
The Devonian fauna is a new one, and shows unexpected rela- 
tions with that of Thuringia. Similar relations are seen in the 
case of the Silurian and Ordovician deposits of the two regions. 
The resemblances between the Palaeozoic beds of Catalonia and 
Thuringia are in harmony with the generalisation, made by Lap- 
worth, that the Silurian of the West of Europe, when traced from 
N.E. to S.W., does not vaiy, but changes in thickness and in the 
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character of its fauna when traced from N.W. to S.E. {Soc. 
Gioh dVi Nordy xx. 61.) 

E. Stolley. “ Die Kreide Schleswig-Holsteins/’ {Mitth, Min, 
Inst, Univ, Kiely i. 191.) — In this memoir the author gives 
a full list of the fossils of the Schleswig-Holstein Chalk ; a good 
many new species are described, and a number of little-known 
ones rediagnosed and figured. Several interesting echinoids are 
included, though the limits of specific variation are more restricted 
than most English writers would admit. 

Hxtra-European. 

P. Thomas. “!^tage miocene et valeur stratigraphique de 
rOstrea crassissima au sud de FAlg^rie et de la Tunisie.” 
{Bull, Soc, Giol, France [3], xx., no. 1, 3.) — In this memoir 
M. Thomas continues his descriptions of the Tunisian fauna, 
and discusses whether Ostrea crassissimay which has been found 
of such value as a zonal fossil in the Miocenes of southern Europe, 
is equally reliable in Africa. 

O. Behrendsen. ‘‘Zur Geologie des Ostabhanges der argen- 
tinischen Cordillere. Th. ii.” (Zeit, deutsch, Geol, GeaelLy xliv., hft. 
i. 1, pi. i. — iv.)-— The Devonian fauna of Bolivia, and the 
Neocomian fauna of the northern Andes have long been known 
to geologists through the collections of Forbes and Karsten. Dr. 
Behrendsen now describes a series of fossils which supplement 
earlier recorda The most interesting part of the present paper 
is the description of the Jurassic faunas. The vast series of 
sandstones in South America assigned to this period have not as 
yet yielded fossils ; the fauna is of interest since the succession of 
the Ammonite zones is identical as far as it goes with that of 
Europe. 

A. Ulrich. “ Palseozoische Versteiner ungen aus Bolivien.” 
{Neues, Jahrb.y viii., hft. i. 1, pi. 1 — 5). — Dr. Ulrich describes 
a rich fauna of Devonian fossils which were collected by 
Prof. Stcinmann. The majority are Brachiopoda. The fauna is 
of great geological interest, as from it originated the Middle 
and Lower Devonian faunas of New York, and other of the 
eastern States of America. 

A. Bothplets. “Die Perm-, Trias-, und Jura-Formation auf 
Timor und Rotti im Indischen Archipel.’’ (Falceontographica^ 
xxxix., lief. 2, 67, pi. 9 — 14.) — ^This fauna is of considerable 
interest as filling up the gap between the Triassic and Jurassic 
faunas of India on the east, and Australia on the south. Some 
connection between these areas is unquestionable ; in Eocene 
times a fauna migrated from India to Australia, and this 
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apparently did not go round by Malaysia, as the Javan and 
Bornean faunas do not yield many of the connecting genera. It 
if therefore important to trace if the shallow water cODnaction 
between India and Australia then lay along the Malay Archipelago, 
or whether it followed the great southern continent, which is 
believed to have connected India, Australia, and South Africa in 
Triassic times. 

C. E. Keyes describes a Kinderhook fauna intercalated in the 
middle of the Burlington limestone : it furnishes an instance of a 
lower fauna appearing suddenly in the midst of a higher one, and 
is regarded by the author as ghnng a striking illustration of 
Barrande’s doctrine of colonies. (Ame7\ Journ, Science, xliv. 
447.) 

SYSTEMATIC. 

Foraminifcra* 

Ernesto Mariani. II calcare liasico di Nese in Val Serrano.’^ 
{Bull. Soc. GeoL Ital., x. [1891, 1892], 717, 1 pi.) — As marine 
Triassic faunas are rather scarce in Europe, the first mesozoic 
bed which yields a rich supply of marine fossils is the Lias, 
and careful monographs of the fossils of this horizon are therefore 
always worthy of note. 

Radiolariflu 

D. Rust. Beitrage zur Kenntniss der fossilen Radiolarien 
aus Gesteinen der Trias und der palteozoischen Schichten.’’ 
{Palceontographicay xxxviii. 107.) — This paper has already 
been referred to as one of the most important of the year, as it 
marks a distinct epoch in the history of the fossil Radiolaria. 
Dr. Riist describes a number of distinct faunas ranging from the 
Cambrian to the Trias ; at the same time he completely revises 
our knowledge of the whole of the palseozoic species ; he 
enumerates the members of the difierent faunas, amends the 
classification, and adds a table of distribution. The monograph 
is illustrated by an extensive series of plates, which show the 
great range and complexity which the palaeozoic species at- 
tained. 

A second paper by the same author, D. Riist — “ Contributions 
to Canadian Micro-Palaeontology, pt. iv. 101, pis. xiv. — xvi., 
with introduction by J. B. Tyrrell ” {Geol. and N. U. Survey^ 
Canada) — describes a small Radiolarian fauna obtained from the 
Upper Cretaceous (Pierre Formation) of North-Western Manitoba. 
The fossils occur in a hard siliceous shale, and are in fairly good 
preservation. Though there are only 16 species, both the ordem 
Nassellaria and Spumellaria are represented. The fact that 
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13 out of 16 Cretaceous species are new^ shows the extent of ou 
knowledge of this group. 

Miseeilaiieous Protozoa. 

Though Mr. Wetherell adds nothing to settle the vexe< 
problem of the affinities of the Xanthidia, he makes an interestinj 
addition to the knowledge of the distribution of this organism 
[“ On the occurrence of Xanthidia (Spiniferrites of Mantell) in th 
London Clay of the Isle of Sheppey.” {Geol. Mag, [3], ix. 28.) 
The specimens discovered are in good preservation, and ma^ 
afford the author opportunities for settling their true nature 
The specimens collected are mm. in diameter, so that they ar 
about the same size as those of the Chalk. 

Spong^ida. 

G. J. Hinde and W. M. Holmes. The Fossil Sponges o 
Oamaru.” (Jour, Linn, Soc, Zool,^ xxiv., Zoology, 177 
pi. 7 — 15.) — The Tertiary deposits of Oamaru have long bees 
well known to microscopists owing to the beauty of the diatom 
which are abundant in them. The authors have now subjected th( 
sponge spicules of the same deposit to a searching investigation 
They conclude that the deposit is a true deep-sea ooze, formed at \ 
depth of about 2,000 fathoms, though it now forms part of th' 
mainland of New Zealand, a conclusion directly opposed to th 
theory of the permanence of oceans and continents. 

J. F. N. Delgado. “Sur la decouverte de fossiles Cambrieni 
dans le Alto Alemtego. Contributions ^ I’c^tude des terrain 
anciens du Portugal.” (Lisbon, Commun, Comm. Trah. GeoL 

ii, 16 pp., 3 pi.) — In this note is made the first record of th 
occurrence of the abnormal sponge Archseocyathus in Europe 
It occurs in a diabase tuff, the lithological characters of whicl 
are described in a supplementary note by A. Bensaude. 

Corals, etc. 

J. F. N. Delgado — *‘Sur un exemplaire de Discophyllui 
provenant du Bussaco” (Ibid ,) — records the discovery of a badlj 
preserved Discophyllum, which is of importance, as it afford 
another link which allies the famous “ quartzite k Bilobites ” c 
Portugal to the “ Grfes armoricains ” of Brittany. 

C. Bominger. ‘‘ On the occurrence of typical Chsetetes in th 
Devonian strata at the falls of the Ohio, and likewise in th 
analogous beds of Eifel in Germany. (Armr. Geol.^ 'Si. 56, p] 

iii. ) — The author redefines the genus Chsetetes, and restrict i 
to a series of Carboniferous species ; he assigns the earlier form 
which had been previously assigned to it to Monticulipora, Steno 
pora, etc., and discusses the relations of these allied genera. 
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H. A. Nicholson ha«s now completed his important monograph of 
the British Stromatoporoids. The last portion (the fourth) includes 
descriptions of the structure of species of Stromatoporella, Herma- 
tostroma, Stachyodes, Amphipora, and Idostroma. In a supple^ 
mental note Dictyostroma is removed from the Stromatoporoids. 
(JPaloBontogr, Soc,y xlvi. 203, pi. 26 — 29.) 

Oraptolites* 

One of the most striking advances made in stratigraphy of 
late years consists in the elaboration of the zonal method of work. 
This method has been applied with eminent success in the case of 
Graptolites, and in the hands of English and Scandinavian geo- 
logists has led to the most important results. Prof. Lapworth has 
shown that some twenty zones of graptolites can be recognised in 
Great Britain and elsewhere, and that wherever they occur the 
same order of superposition is preserved. This conclusion has 
been completely confirmed by the Scandinavian geologists, and by 
Mr. Marr for the Lake district. Each species or genus is found 
to have a definite and limited vertical, and in a large number of 
cases a wide horizontal range. In face of the impoi*tant issues 
involved by these results, C. Barrois was induced to study the suc- 
cession of graptolites in France, and the results of his examination 
have been most completely to confirm Lapworth’s conclusions as 
to the stratigraphical value the group. The French graptolites, 
however, with the exception of those of Languedoc and Nor- 
mandy, are badly preserved, and do not present a number of 
faunas comparable with those of the more northern countries. 
Of the families of graptolites at present known, all are repre- 
sented in France except the Leptograptidse, Dicranograptidse, and 
Lasiograptidse. 

In Dr. Barrois’s memoir, the graptolites of Languedoc, the 
Pyrenees, Ardennes, Normandy, and Brittany are treated in 
detail, and the stratigraphy of the region is unravelled by means of 
the graptolite zones. In the case of each district a history of the 
progress of discovery is given, and the species occurring are 
enumerated and briefly described. 

In Languedoc the presence of Arenig, Llandeilo, Bala, Taran- 
non, and Upper Wenlock rocks is indicated, but in this district, 
as elsewhere in France, typical lower and upper Arenig and Bala 
graptolite faunas are stUl undiscovered. In the Pyrenees, the 
chief feature is the importance of Tarannon beds, which are here 
of great thickness, and are divisible into the three zones of Mono- 
graptus crassus, M, Becki, and M, vomerinus, A similar fauna is 
found in Thuringia, Bohemia, and Sweden, and the Pyrenean 
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13 out of 16 Cretaceous species are new, shows the extent of our 
knowledge of this group. 

Miscellaneons Protoasoa. 

Though Mr. Wetherell adds nothing to settle the vexed 
problem of the affinities of the Xanthidia, he makes an interesting 
addition to the knowledge of the distribution of this organism. 
[“ On the occurrence of Xanthidia (Spiniferrites of Mantell) in the 
London Clay of the Isle of Sheppey.” {Geol. Mag, [3], ix. 28.)] 
The specimens discovered are in good preservation, and may 
afford the author opportunities for settling their true nature. 
The specimens collected are mm. in diameter, so that they are 
about the same size as those of the Chalk. 

Spong^da. 

G. J. Hinde and W. M. Holmes. ‘‘ The Fossil Sponges of 
Oamaru.” {Jour, Linn, Soc, Zool,^ xxiv., Zoology, 177, 
pi. 7 — 15.) — The Tertiary deposits of Oamaru have long been 
well known to microscopists owing to the beauty of the diatoms 
which are abundant in them. The authors have now subjected the 
sponge spicules of the same deposit to a searching investigation. 
They conclude that the deposit is a true deep-sea ooze, formed at a 
depth of about 2,000 fathoms, though it now forms part of the 
mainland of New Zealand, a conclusion directly opposed to the 
theory of the permanence of oceans and continents. 

J. F. N. Delgado. “Sur la d^couverte de fossiles Oambriens 
dans le Alto Alemtego. Contributions ^ Ft^tude des terrains 
anciens du Portugal.” {Lisbon, Commun, Comm, Trab, Geol,^ 
iL, 16 pp., 3 pi.) — In this note is made the first record of the 
occurrence of the abnormal sponge Archajocyathus in Europe. 
It occurs in a diabase tuff, the lithological characters of which 
are described in a supplementary note by A. Bensaude. 

Corals, etc. 

J. F. N. Delgado — “Sur un exemplaire de Discophyllum 
provenant du Bussaco ” {Ibid ,) — records the discovery of a badly- 
preserved Discophyllum, which is of importance, as it affords 
another link which allies the famous “ quartzite k Bilobites ” of 
Portugal to the “ Grfes armoricains ” of Brittany. 

C. Bominger. On the occurrence of typical Ghsetetes in the 
Devonian strata at the falls of the Ohio, and likewise in the 
analogous beds of Eifel in Germany, {Amer. Oeol.^ x. 66, pi. 
iii.) — The author redefines the genus Chsetetes, and restricts it 
to a series of Carboniferous species ; he assigns the earlier forms 
which had been previously assigned to it to Monticulipora, Steno- 
pora, etc., and discusses the relations of these allied genera. 
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H. A. Nicholson has now completed his important monograph of 
the British Stromatoporoids. The last portion (the fourth) includes 
descriptions of the structure of species of Stromatoporella, Herma- 
tostroma, Stachyodes, Amphipora, and Idostroma. In a supple- 
mental note Dictyostroma is removed from the Stromatoporoida 
[Palceontogr, Soc.^ xlvi. 203, pi. 26 — 29.) 

Oraptolites. 

One of the most striking advances made in stratigraphy of 
late years consists in the elaboration of the zonal method of work. 
This method has been applied with eminent success in the case of 
Graptolites, and in the hands of English and Scandinavian geo- 
logists has led to the most important results. Prof. Lapworth has 
shown that some twenty zones of graptolites can be recognised in 
Great Britain and elsewhere, and that wherever they occur the 
same order of superposition is preserved. This conclusion has 
been completely confirmed by the Scandinavian geologists, and by 
Mr. Marr for the Lake district. Each species or genus is found 
to have a definite and limited vertical, and in a large number of 
cases a wide horizontal range. In face of the impoi-tant issues 
involved by these results, C. Barrois was induced to study the suc- 
cession of graptolites in France, and the results of his examination 
have been most completely to confirm Lapworth^s conclusions as 
to the stratigraphical value W the group. The French graptolites, 
however, with the exception of those of Languedoc and Nor- 
mandy, are badly preserved, and do not present a number of 
faunas con sparable with those of the more northern countries. 
Of the families of graptolites at present known, all are repre- 
sented in France except the Leptograptidse, Dicranograptidae, and 
Lasiograptidse. 

In Dr. Barrois’s memoir, the graptolites of Languedoc, the 
Pyrenees, Ardennes, Normandy, and Brittany are treated in 
detail, and the stratigraphy of the region is unravelled by means of 
the graptolite zones. In the case of each district a history of the 
progress of discovery is given, and the species occurring are 
enumerated and briefly described. 

In Languedoc the presence of Arenig, Llandeilo, Bala, Taran- 
non, and Upper Wenlock rocks is indicated, but in this district, 
as elsewhere in France, typical lower and upper Arenig and Bala 
graptolite faunas are stUl undiscovered, in the Pyrenees, the 
chief feature is the importance of Tarannon beds, which are here 
of great thicknass, and are divisible into the three zones of Mono- 
graptus crassus, M. Becki, and M. vomerinus. A similar fauna is 
found in Thuringia, Bohemia, and Sweden, and the Pyrenean 
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types are the some as those of Saxony, Sardinia, and the Alps, 
while the Tarannon forms common in England are absent. In 
addition to Tai^non beds, the lower part of the Wenlock is 
apparently represented. In the Ardennes, with the doubtful 
exception of the Llandmlo, all the members of the Ordovician and 
Silurian, from the horizon of Dictyonema sociale to the Ludlow, 
are represented. In Normandy the graptolites are of Wenlock 
age. In Brittany the graptolitic deposits include the equivalents 
of the Llandeilo, Birkhill (Llandovery), Tarannon, and Upper 
Wenlock beds. 

The French graptolites closely resemble, in their mode of 
occurrence, those found in other regions : they are often limited 
to certain thin horizons in which they are present in great 
numbers : their wide diffusion agrees well wdth the conclusion 
that they are at one time of life free-floating. The beds in which 
they occur are of a very definite character, being generally fine 
soft black shales remarkable for the absence of clastic grains 
or other indications of a terrigenous origin. They do not form’ 
important accumulations, and frequently alternate with beds 
devoid of graptolites and consisting essentially of organic or 
chemical deposits. The phtanites of Anjou consist chiefly of 
silica, alumina, and carbon. The carbon is derived from the 
graptolites themselves ; the silica f^m organisms with siliceous 
tests which in some cases can still be recognised as mdiolaria and 
diatoms (Cayeux). These deposits must have been slowly formed 
in a region free from terrigenous influences and where the con- 
ditions were very stable ; they appear to be quite analogous to the 
radiolarian deposits of modern times. 

It is a sign of the times that one of the most eminent of con- 
tinental stratigraphers sees no other course open to him than 
to throw in his lot with the increasing body of geologists who 
regard not merely large formations, but the fossil zones composing 
them, as practically contemporaneous : the graptolite zones furnish 
no evidence in favour of the migration of faunas : we must not, it 
is pointed out, lay too much stress on the relatively artificial 
assemblages of fossil forms we call faunas, but consider the migra- 
tions of each species by itself. 

The memoir is completed by tables showing the genera and 
species of graptolites found in France, and the relations of the 
graptolitic deposits to those of neighbouring countries. (Soc, Giol, 
du Nordy xx. 76.) 

O. B. Pritchard describes an enormous Temnograptus (T. mag- 
nificus) from a hard black slate containing Dictyonema grande 
described and figured earlier in the year by T. 8. Hall (Proc. 
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i?oy. Soc. Victoria, iv. 7). The Temnograptus is closely 
related to T. multiplex from the Skiddaw slate {Ibid., 56). ■ 

* 

ABTHROPOPA 

General. 

H. Bernard. ‘‘The Apodidse.” {Macmillan^ Nature ” Series,) 
— This work requires notice here, as the author discusses the 
affinities of the Eurypterids and Trilobites. His main thesis 
is the evolution of the whole Arthropod group from a worm-like 
ancestor. 

Trilobites. 

B.N. Peach and J. Home. “ The Olenellus zone in the North- 
west Highlands of Scotland.” {Quart, Jour, Geol, Soc,, xlviiL 
227, pi. 5.) The authors describe their discovery of repre- 
sentatives of the Olenellus fauna in the north-west of Scot- 
land ; a discovery of importance, as it shows the pre-Cambrian age 
of the Torridon Sandstone. The authors also propose to place 
Olenellus in a separate group, and regard it as closely allied 
to the ancestral form from which Trilobites, Limulids, and 
Eurypterids were derived. 

O. A J. Cole. “The Story of Olenellus.” {Nat, Sci,, i, 340.) 
— The paper gives an interesting sketch of the gradual growth of 
the present knowledge of Olenellus. He lucidly sketches the 
change from the view of Ford and Walcott, that Olenellus was 
a degenerate form of Paradoxides, to that which completely 
reverses the order. The error arose from the Olenellidan beds in 
New York having been thrown by a thrust plane on to later 
formations. Brogger’s demonstration of the pre-Paradoxidian 
age of Olenellus in Norway has been found to be applicable uni- 
versally. 

A number of tails of an Asaphus (Megalaspis 1 Thorntoni 
n.sp.) have been recognised in the graptolite beds of Central 
Victoria by B. Etheridge, jun. No fossils but Llandeilo graptolites, 
a phyllopod (Hymenocaris), and a brachiopod (Siphonotreta) had 
previously been found in these beds ; and this collection repre- 
sented the sum of our knowledge of the Ordovician fossils of 
Australia proper. Other fossils, including Orthis, Orthoceras, 
Strophomena, Murchisonia, with bivalves, crinoids, etc., accom- 
panied the trilobite. The pygidium alone of the latter has been 
found ; it appears to differ from that of the Asaphid previously 
found in Tasmania, which the author is inclined to regard as a 
Stygina. {Report Gov, Geol, on Leigh Creek, S, Austrcdia, 1892, 
8 — 9, with plate.) 
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ECHINODERMATA. 

Cystidea. 

P. H. Carpenter's paper “ On Certain Points in the Morphology 
of the Cystidea ” {Jour. Linn. Soc.^ London Zool.y xxiv. 1) ap- 
peared too late in 1891 for it to be noticed in the ‘‘ Year-Book ” for 
that date.. Mention must here be made of it, as it is probably more 
important than any other paper on the Echinodermata which was 
actually published in the year. Hitherto the Cystidea have been 
regarded as having no regular arrangement of their plates, and 
consequently successive phylogenists have been able to discover in 
them whatever type of Echinoderm ancestor they wanted. Dr. 
Carpenter has, however, shown that the great majority of them 
may be compared with those crinoids that possess three circlets of 
plates in the cup, and that such “ dicyclic ” forms fall into two 
groups : one with a six-rayed and one with a five-myed struc- 
ture. A ring of oi*als can also be recognised. In regard to the 
long-discussed nature of the various apertures. Dr. Carpenter 
concludes that the central orifice is the mouth, and the large 
lateral one the anus : between these occur the genital aperture, 
and beside this the excretory pore. 

0. Jaekel has published a valuable elucidation of the natural 
histoiy and anatomy of the Eugeniacrinidse, which he renames 
the Holopocrinidfle, owing to certain resemblances to Holopus in 
the arm-structure, and other less important details. He bases a 
large number of new genera on characters which it has been 
pointed out are of no morphological and of little physiological 
value. The most interesting part of Dr. JaekeFs paper is 
that in which he discusses the habitat and mode of life of these 
Crinoids ; he concludes that they are reef-dwellers, and recog- 
nises in their frequent changes of form the influence of powerful 
currents. {Zeit Deutach. geol, Ges.y xliii. 557.) 

D. Oehlert. “ Description de deux Crinoides nouveaux du 
Devonien de la Manche.^' {Bull. Soc. Giol. France [3], xix. 
834, pi. xviii.) — One of the two new crinoids is a species of Cteno- 
crinus, the other a new genus of Rhodocrinidse, named Diameno- 
crinus. The axial folding of the cup-plates of the type species, 
D. Jouani, suggests a discussion of this structure in the Camerata 
genemlly. The stem of this species appears to have been coiled 
at its distal end, and is compared by the author with the stem of 
Herpetocrinus, which is, however, coiled at the other end ; at the 
dist^ end the stem of the latter is pentagonal, and this leads the 
author to a discussion of Messrs. Wachsmuth and Springer’s law of 
stem orientation. 

A Bothplets in the work previously cited {op. cit.y pp. 74, 76) 



PALiEONTOLOOT (INVERTEBRATE). 305 

founds a new species of Hypocrinus, which is based on a curiously 
abnormal specimen. 

C. Waohsmuth and F. Springer. Description of two new genera 
and eight species of Camerate Crinoids, from the Niagara group.” 
{Amer, Geol., x. 135.) — In this paper the most novel mor- 
phological point is that a curious fossil, which had been previously 
regarded as the orals of Pisocrinus, is now shown to be the oral 
pyramid of Idiocrinus ventricosus. More detailed descriptions and 
figures of these species will be given in the great monograph of 
the North- American palaeozoic crinoids upon which these authors 
have been so long engaged. 

G. Boehm (^Zeit, deut, Geol. GeaelL xliii. 741) adds another 
to the numerous teratological cases of crinoids described this 
year : this one is an interesting abnormal cup of Millericrinus 
mespiliformis. 

F. A. Bather. “ British Fossil Crinoids.” Parts vi., vii., and 
viii. (Ann, and Mag, Nat, Hist, [6], ix. 189.) These papers 
are devoted to a detailed description of Mastigocrinus (n. gen.), 
and to a revision of the much-known and misunderstood 
genus Cyathocrinus ; two new species of the latter from the 
Wenlock Limestone, of Dudley, are also fully described. An 
elaborate account of the anal tube of Mastigocrinus forms an 
important addition to crinoid morphology. 

The same author also gives “ Suggested terms in Crinoid Mor- 
phology ” cit,^ page 51) revising the nomenclature of the 

radials, brachials, and interradials of both cup and oral surface, and 
anals. An elaborate series of symbols is proposed, which may yet 
raise the study of crinoids into the circle of the exact sciences. 

Though dealing almost entirely with recent forms, the 
palaeontologist cannot overlook A Agassiz's magnificently illus- 
trated monograph on “Calamocrinus diomedae : a new stalked 
crinoid.” {Mem, Mus. Comp, Zool,^ xvii., No. 2, 95 pp., 32 pis. 
4to.) This is a new genus obtained from the deep seas of the West 
Indies, and is of interest from its affinities to some Jurassic 
forms, a point which Professor Agassiz has previously emphasised 
in a preliminary note. In addition, the memoir discusses the 
general structure of the stem of crinoids and the actinal plates of 
echinoderms. 

Echinoidea. 

C. SchlUtar. Die regularen Echiniden der norddeutschen 
Kreide. {Abh, k, Prevss, Geol. Landesanst, Neue, Folge. 
Ileft, 5.) — This is probably the most important work on the 
echinoids issued during the year, and represents several years of 
close study of the Chalk species. The synonymy of the Chalk 
U 
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Cidaridse has long been in confusion, mainly due to the fact that 
no satisfactory subdivisions of the great genus Cidaris have as yet 
been established. Numerous efforts to do this have been made, 
notably by Pomel and Ddderlein, but the divisions appear very 
artificial. Prof. Schliiter accepts and improves many of these, and 
is thus able to group the species so that more detailed comparisons 
can be made. The divisions, however, still appear of but little 
morphological value. Many of our English cidarids will have to 
be renamed to bring them into harmony with the comprehensive 
scheme here proposed. 

Sven Loy4n. “ Echinologica.” {Bihang, K. Sven, Vet, Akad, 
Handl. xviii., Afd. iv., No. 1, 73 pp., 12 pi.) — Prof. Lov<5n’s 
writings are always welcome to the palseoiitologist, for his mastery 
of both recent and fossil forms, and the elaborate patience and 
care with which Ids work is executed. In the ])reseiit paper the 
descriptions of the early post-pluteal stage of some echinoids are of 
great interest in connection with the study of some primitive 
genera. He also continues (pp. 47 — 52) his account of the peri- 
gnathic girdle of some fossil forms, such as Discoidea and Galerites, 
and describes with care the dental system of Olypeaster. 

Three additions have been made to the literature of the 
Australian Echinoidea. R. Tate has issued a bibliography and 
revised list of the described echinoids of the Australian Eoceiie 
deposits. {Trans, K, Soc, S, Austr,^ xiv., pt. 2 [Dec., 1891], 270. 
The fauna is one of great interest owing to the mingling together 
of genera which in Europe are restricted either to the Cretaceous 
or the Cainozoic. Prof. Tate describes 6 new species, of which one 
belongs to a genus (Salenia) most abundant in the Cretaceous, one 
to Cardiaster, which is characteristically of that formation, and 
one to Scutellina, which is as typical of the Eocene. 

J. W. Gregory also describes a new echinoid from the West 
Indies. “ On Archaeopneustes abruptus, a new genus and species 
of echinoid, from the oceanic series in Barbados.’^ {Quart, Jour, 
GeoL Soc.j xlviii. 163, pi, iv.) — This fossil is of interest as it 
throws light on the age of the latest bed of the famous oceanic 
series, and indicates the depth at which the highest member of 
that formation was formed. The test is thick, and the limestone, 
in which it is not uncommon, may have been laid down at a 
depth of from 100 to 300 fathoms. A representative of the genus 
(previously included in Palseopueustes) now lives in the seas of 
Barbados : the fossil species being extinct ; the radiolarian beds are 
not later than the Pliocene. The new genus also necessitates 
alterations in the classification of the echinoids. The evidence 
yielded by the Echinoidea as to the physical geography of the 
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Atlantic basin has been dealt with in another pajier bj the 
same writer. comparison of the fossil echinoid faunas of 

Europe and America.” (Bull. Geol. Soc. America^ iii., p. 101.) 
— The successive faunas from the Carboniferous to the Pliocene of 
both sides of the Atlantic are compared : it is pointed out that in 
the Carboniferous the two faunas are absolutely distinct, whereas 
the next (Neocomian) is identical on both sides ; from this a 
gradual divergence continues throughout the Cretaceous, culminat- 
ing in the Eocene. Then in the Miocene the faunas are again 
almost identical ; moreover many of the species comm*on to the 
two West Indian and Mediterranean faunas are tropical, shallow- 
water forms, and had no free-swimming larval stage. They cannot 
therefore have crossed the present deep and cold abysses of the 
Atlantic, while the evidence is conclusivethat they did not follow 
the north shores of the Atlantic, but migrated along a route past 
the Azores. The writer therefore concludes that there must have 
been a shallow- water connection across the Atlantic in Miocene 
times. The Pliocene echinoid faunas give further evidence as to 
the nature and variations in this shallow-water area. 

J. Lambert. Note sur le genre Echinocyamus.” (Bull. Soc. 
Geol. France^ xix. [1891], 1892, 749.) — In the effort to estab- 
lish a rigid and accurate scientific nomenclature it occasionally 
becomes the sad duty of the systematist to remove his neighbour’s 
landmarks. One of these disasters has now overtaken the genus 
(or rather the name) Echinocyamus : the species which has hitherto 
been taken as the type of that genus, we now learn is really the 
type of Fibularia, in which must be included the common Crag 
and living British forms. The name Echinocyamus survives for 
the round, less known group of globular, and non-septate 
species. 

Bryozoa. 

The present year has been marked by a great dearth of 
literature in this group. The series of important memoirs by 
Dr. E. PergeuB has unfortunately been interrupted by failing eye- 
sight, while there is no American contribution to compare with 
Ulrich's great monograph issued last year. 

A. W. Waters has concluded his revision of the North Italian 
Bryozoa. In part ii. he has dealt with the Cyclostomata. 
(Quart. Jour. Geol. Soc.^ xlviii. 153, pi. iii.) — The author, 
however, does not attempt to deal with the puzzling question 
of the classification of this group. The revision, however, is of 
great value, as a supplement to the monographs of Reuss and 
Manzoni. The application of section-cutting has yielded some 
interesting conclusions, 
u 2 
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Q. B. Vine. “Report of the Committee appointed for the 
completion of a report on the Cretaceous Polyzoa.” (^Rep. Brit, 
Abboc, [not yet published].) — Mr. Vine is to be congratulated on 
the termination of* his series of reports on the Bryozoa. In 
the present he adds one or two genera, such as Clinopora, to 
the English fauna. He names, but does not describe, many new 
species. A tabulation of the distribution of the English Creta- 
ceous species is the most useful part of the present report. 

Bracliiopodnu 

The mbst important work on fossil Brachiopods that has 
appeared during 1892 is undoubtedly “ An Introduction to the 
Study of Palaeozoic Brachiopoda,” by Jaa. Hall and J. M. Clarke. 
{PalcEonLy New York, vol. viii.) — This, the first part, deals with 
the Inarticulata and with the Orthis and Strophomena groups 
of the Articulata, The work is designed to set before the 
student the present condition of our knowledge of the genera 
therein contained, with such discussions and illustrations as 
will serve most clearly to indicate what progress has been 
made in our knowledge of these organisms, and in what direc- 
tions much still remains to be done. In the present state of 
knowledge it was thought best to avoid the use of family 
designations altogether; consequently the various genera and 
subgenera are grouped around certain well-known and typical 
genera, such as Lingula, Trimerella, Obolella, Discina and Orthis, 
Clitambonites, Strophomena, Leptsena, Chonetes, Productus, but 
are at the same time so arranged as to show as far as possible 
the connections between the diflerent types of structure. Not only 
is a thorough “ literary ” revision made of each genus, but 
the internal structure is admirably described and clearly figured 
in the beautful plates. What is of still greater importance, 
the whole treatment is in the highest degree scientific, and, 
as a natural consequence, delightfully lucid. Like Beecher, the 
authors take as the feature of pai*amount importance in classifi- 
cation the character of the peduncle passage. They trace the 
various modifications of this in the genera of Inarticulata, in 
which process we have not space to follow them. The discussion 
of the general relations of the Articulata is reserved for the next 
volume. 

C. £. Beecher continues his very interesting researches on the 
development of the Brachiopoda (see “Year-Book” for 1891, 
page 332). In part ii., “ Classification of the Stages of Growth and 
Decline” {Ainer, Jour. Sci,j xliv. 133), he applies to the 
Brachiopoda the useful though barbarous terminology of Hyatt. 
He shows how in the Brachiopoda, as in other groups of the 
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animal kingdom, the stages of individual history reproduce 
the history of the race, and, conversely, how there is in the 
history of a race a youth, a maturity, and an old age. 
Modern Articulate brachiopods difier from the Inarticulate in 
having no anus ; in many palaeozoic Articulata, however, a notch 
occurring in the beak of the dorsal valve suggests that they 
possessed an anal opening dorsal to the median line, as in the 
recent Crania. Considering the evolution of the Brachiopoda 
as a whole, the author regards them as retrogressive in the 
loss of the anal opening and eyes, progressive in the concen- 
tration of the posterior and expansion of the anterior elements, 
and in the limitation of the peduncle opening to one valve. 

Another contribution on this subject from the American 
school comes from the pens of N. H. Winchell and C. Schuchert, 
and consists of a Preliminary description of new Brachiopoda 
from the Trenton and Hudson River groups of Minnesota.” 
{Ainer, Geol,^ ix. 284.) 

A. Bittner, “ Brachiopoden der Alpinen Trias.” {NacJUrag I. 
Ahli. k. h Geol. ReicJis,, xviL, Ht. ii. 40, pi. iv.) — ^This 
work forms a supplement to the important and extensive mono- 
graph which was issued by Bittner in the end of 1890. Many 
new species are described and some revisions of old determina- 
tions made. 

Nlollusca. • 

The Triassic Mollusca as the earliest of Neozoic faunas, con- 
tinue to absorb much attention. A. Bittner, Neue Arten aus 
der Trias von Balia in Kleinasien ” {Jahrb. k. k. Geol, Reich.^ 
xlii., Ht. i. 7 7, pis. iv, — v.), describes a small series of mollusca from 
Asia Minor. Tausch, Ueber die Bivalvengattung Conchodus und 
Conchodus Schwageri aus der obersten Trias der Nordalpen” 
{Abh, k, k. Geol, Reich, j xvii., Ht. i. 8, pi. 3), re-emends 
and revises one of the most typical of the genera of this period. 
Dr. Ernst Koken, Ueber die Gasieropoden der rothen Schlern- 
schichten nebst Bemerkungen iiber Verbreitung und Herkunft 
einiger triasischer Gattungen ” {Xev^s Jahrb.,^ 1892, Bd. ii., 
Ht. i. 26), continues his studies of the gasteropoda, which 
in his previous publications he followed as far as the top of 
the palaeozoic. 

B. B. Woodward, “On the mode of growth and the structure 
of the shell in Velates conoideus, Lamk., and other Neritidae ” 
(Proc, Zool, Soe,j 1892, 528, pis. xxxi. — xxxii.), describes the 
mode of the growth of the shell of Velates as quite unique. A 
thick mass of callus is deposited on one side of the floor of 
the shell. As growth proceeds tlie callus is hollowed out by 
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internal absorption, and thus space is provided for the enlarging 
mollusc. 

A. Pavlow and G. W. Lamplugh. (‘‘Argiles de Speeton efc leurs 
Equivalents^’ Soc. Imp. Nat^ Moscow, Nos. 3 and 4 (1891), 

1892, pp. 212, pis. 11].) — Though the main argument of this paper 
is stratigraphical, it forms a most important addition to the 
knowledge of the Upper J urassic and Lower Cretaceous Ceph- 
alopoda, especially the belcmnites ; these are described on pp. 
34-96. A reclassification of the genus is given ; it is divided into 
six groups, for most of which the names of Neiimayr have 
been accepted. The history of the evolution of the genus is 
given on pp. 92-96, and this includes a table showing the 
course of development in geological time. The ammonites of 
the faunas discussed are less important. (See page 276.) 

The value of the Cephalopoda to the stratigraphical geologist 
is also shown by a paper by S. S. Buckman on “ The reported 
occurrence of Ammonites jurensis in the Northampton Sands.” 
{GeoL Mag. [3], ix. 258.) — The author maintains that 
this bed is really on the horizon of the Opalinum, and not the 
J urensis zone, as has previously been maintained. To facilitate 
subsequent discussion he prints brief summaries of the diagnoses 
of the species allied to A. jurensis. 

A phylogenetic contribution from the same author is a note 
entitled “ On the morphology of Stephanoceras zigzag.” 
(Quart. Jour. Geol. Soc., xlviii. 447, pis. xiii. — xiv.) — He gives a 
genealogy of the whole zigzag series; this he regards as a 
branch from the coronate radical, advancing to tho spinous 
stage at a later date than the Humphresianus series, to which 
it is the morphological equivalent. Both give rise to costate 
forms. 

Among other general systematic papers on the Mollusca 
may be mentioned Miss J. Donald’s ‘‘ Notes on some new and 
little-known species of Carboniferous Murchisonia ” (Quart. 
Jour. Geol. Soc., xlviii. 662), and especially the fourth fascicule 
of M. Cossmann’s Catalogue illustrE des Coquilles fossiles de 
r^IocEne des environs de Riris” (Paris, pp. 166, pi. 3), and W. H. 
Hudleston’fl Monograph of the J urassic Gastropoda ” (Palceontogr. 
Soc., xlvi. 273). In E. 0. Ulrich’s “ New Lamellibranchiata ” (Amer. 
Geol., x. 96, pi. vii.) a new genus (Cleionychia) is founded for 
Hall’s Ambonychia lamellosa. But these papers are either of 
interest to systematists only, or in the case of those which are only 
parts, notice may well be postponed till the completion of the 
monographs. 

J.F. Blake. The Evolution and Classification of the Cephalo- 
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poda: an account of recent advances.” {^Proc. Gcdl. Assoc,^ xih 
276.) — In this paper, which formed the Presidential Ad- 
dress delivered to the Geologists* Association, Mr. Blake gives 
a summary of recent classifications, reserving bis own conclu- 
sions till later. He sketches the gradual breaking up of the 
old genus Ammonites from the time when, in 1865, Suess 
separated Arcestes, Phylloceras, and a few other lower Mesozoic 
forms. Hyatt, in 1867, and Waagen, with his scheme of ‘‘muta- 
tions ” (first called “ developmental series ”), followed the example 
set by Suess ; a powerful stimulus was also afforded by the 
third part of Neumayr’s Jura-studien ; Wiirtemberger’s phylo- 
genetic studies (Darwinistische Schriften, No. 5, 1880), with 
his illustration of Neumayr’s suggestions of adult atavism by 
the seven stages of the Lias Planulati, helped in the same 
direction, and this line of work has recently culminated in 
Hyatt’s “ Genesis of the Arietidse.” An interesting summary 
of the literature, with tables of the most recent classifications, 
including those of Zittell, Bather, and Steinmann, are given ; 
the author regards that of the last author as the best. The 
paper will also be valuable to English students, from its brief 
and neat definitions of many of Hyatt’s terms ; for until the 
reader has mastered the meaning of the tenns paracme, 
nepionic, epacme, ephebolic, and hosts more of such, the writings 
of the most brilliant existing school of invertebrate palajonto- 
logists must remain so much unintelligible jargon. [These terms 
are explained, emended, and re defined in a paper by S. S. 
Buckman and F.,A. Bather, “The Terms of Auxology ” 
AnzeigeTy Nov. 14 and 28, 1892, pp. 420 and 434,)] 

C. B. Keyes discusses the nomenclature and classification of 
the Platyceras group of Gastropods. The name Platyceras is 
discarded and the three genera Capulus, Igoceras, and Ortho- 
nychia recognised. (Amer. Geologisty x. 273.) 

8. 8. Buckman in his monograph on the Inferior Oolite 
Ammonites has some considerations on the evolution of the 
Sonniniae. {Paloioniogr, Soc,y xlvi. 313; pis. 17 — 76.) 


PALEOBOTANY. 

By THOMAS HICK, B.A., B.Sc. 

The year has not been marked by any startling discoveries in 
Palseobotany, but good work has been done in clearing up long- 
standing difficulties, revising the descriptions and determinations 
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of previous workers, and bringing the fossilised fragments of 
plants into their proper relations one with another. The anatomy 
and histology of Carboniferous plants have again occupied a large 
share of attention, and it is here perhaps that the progress of the 
year has been most marked. Fortunately progress in these 
matters is not only good in itself, but leads to progress in our 
knowledge of the morphology and affinities of the plants con- 
cerned, and so results in greater coherence and consistency, and 
often in the elimination of superfluous genera. 

Flora of the Carhoniferons period. 

In a new work by Orand’Eury it is shown that the various 
strata of the coal basin of Gard may be grouped according to 
their floras into three very distinct stages, separated by thick 
sterile deposits — viz., a lower, or stage of Bessferes ; a middle, or 
stage of Gmnd’Combe ; and an upper, or stage of Champclauson. 
In the first of these he distinguishes three sub-stages and classes 
apart, certain strata lying quite at the base of the series, as well 
as the sterile deposits which crown the whole. He thus arranges 
the entire series of beds in nine successive divisions — obviously of 
unequal importance — six of which are productive and three are 
sterile. 

Quite at the base of the series are certain brecciaform deposits, 
which are characterised by a special flora, comprising Pecopteris 
arborescens, Pec. gracillima, Pec. abbreviata, Dictyopteris nevrop- 
teroides, Cordaites borassifolius, Lesleya angusta, along with 
Alethopteris irregularis, Aleth. crenulata (not Brongmart's sp.), 
and a new type, Cebenna pterophylloides. Above these is a group 
of carbonaceous beds, including those of Pradel, Feljas, and 
Pigere, whose flora is distinguished from the next higher stage of 
Bess^res by the absence of Pecopteris lamuriana, Pec. polymorpha, 
and Pec. pteroides. 

The stage of Bess^res is divided into three sub-stages, of which 
the lower contains Pecopteris lamuriana, Pec. abbreviata, Nevrop- 
teris flexnosa, Sphenophyllum truncatum ; the middle, Sphenopteris 
chaerophylloides, Sph. quadridactylites, Pecopteris lamuriana, Pec. 
discreta, Pec. elHpticifolia, Pec. erosa, Sigillaria tesselata, Sig. 
elliptica, Sig. Defrancei ; and the upper, Pecopteris cyathea n. sp., 
Pec. unita n. sp., Alethopteris Grandini n. sp., Nevropteris 
cordata n. sp., with Odontopteris Reichiana, which increases in 
abundance, while other species, among them Pecopteris lamuriana, 
disappear. 

The stage of Grand’Combe is characterised by a flora con- 
sisting of a mixture of lower and upper species, the absence 
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of both the oldest and the most recent forms. In it are found 
^ Pecopteris cyathea, Pec. unita, Pec. Platoni, Alethopteris Grandini, 
Al. aqiiilina, Odontopteris Reichiana, Od. obtusa Weiss, Spheno- 
phyllum Schlotheimi, Sphen. oblongifolium, Sigillaria Candollei, 
Sig. lepidodendrifolia, with numerous examples of Cordaites 
borassifolius, Cord. Plingulatus, and Poacordaites linearia 

Finally the stage of Champclauson contains a flora sharply 
characterised by a series of superior s})ecies, such as Pecopteris 
cyathea, Pec. hemitelioides, Callipteridium gigas, Dictyopteris 
Schiitzei, Teeniopteris jejunata, Sphenophyllum lon^olium, 
Sigillaria Brardi, and Sig. spinulosa, as well as by the dis- 
appearance of ribbed SigillariaB. (Grand’Eury : Za Geologie et la 
Paliontologie du Baaain Houiller du Gard.) 

Pila bibracteiisis— an alga from the Permian of 
Autun. 

Messrs. C. Eg. Bertrand and B. Renault have issued an elaborate 
memoir on an alga found in the Boghead of Autun, to which they 
give the name Pila bibractensis. It is described as a gelatinous 
alga, with an ellipsoidal, multicellular thallus. The thalli occur 
isolated or grouped together in beds of variable thickness. They 
are not mineralised, nor has the minute structure been preserved 
by impregnated calcite, but by a special mode of preservation of 
the gelatinous matter of the cell walls, and the partial coloration 
of the thallus by brown substances derived from the alteration of 
the carbonised jelly. 

Thalli of moderate dimensions measure 0*189 mm. to 0*225 
mm. in length, 0*136 mm. to 0*160 mm. in breadth, and 0*096 
mm. to 0*115 mm. in vertical height. Numerous sections made 
in various planes parallel to the three axes enable the authors to 
make out that the thallus is composed of a large number of 
polyhedral cells. The external elements ai*e a little larger than 
the central ones, which are isodiametric, and frequently exhibit 
the beginning of dissociation. The protoplasm appears homo- 
geneous, and, save the nucleus, is destitute of any organised 
structures, such as chromatophores, starch grnins, vacuoles, etc. 
Further, the authors have not been able to find any superficial 
hairs like those of Coleochsete, nor heterocysts like those of 
Nostochaceae, nor vibratile cilia like those of Volvocinew, nor 
have any traces been found of sporangia, hormogonia, sexual 
organs, or embryos. By the progressive dissociation of the thalli 
fragmentation is brought about. 

The affinities of the alga are very doubtful. For reasons 
shown it can scarcely be referred to ^e FloridecB, Coleochseteae, 
Fucaoese, or Yolvocinese, and ought probably to go among the 
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asexual Thallophytes. There are few of these, however, which 
can be compai’ed with Pila, though there are some analogies^ 
between it and the Leuconostoc mesenteroides of Van Tieghem 
and Gomphosphseria aurantiaca. The resemblances, however, are 
merely superficial, and not sufficient to enable the authors to say 
that Pila belongs to either the Chroococcacese or the Pleuro- 
coccacese. On the other hand it has no character which would 
authorise them to regard it as higher than these groups. For the 
present it may be considered as a low form of gelatinous Thallo- 
phyte. (Bertrand and Renault: Bull, de la Soc. d'llist. Nat. 
(FAutun, Tome Cinquieme, 1892.) 

The Calamariese. 

In his description of the flora of the coal-bajsin of Gard, 
Grand'Eury records some remarkable observations he has made on 
the CalamodendrejB and Sigillarise found in the quarries of Richard 
and Champclauson. These lead him to the conclusion that the 
Calamariese of the upper coal measures form two sharply-separated 
groups : (1) that of Calamites cannteformis with Arthropitys 
and Asterophy Hites, and (2) that of Stylocalamites with Oalamo- 
dendron. 

As regards the first group, he finds that in Gard, Calamites 
cannseformis is almost always associated with the woody stems of 
Arthropitys, carrying verticillate branches of Asterophy Hites, 
with regular distichous branchlets. Sometimes the woody stems 
are accompanied by herbaceous ones, which appai’ently belong to 
the same individuals. The specimens which he has named, 
Calamophyllites (Calamitina of Weiss), are the external surfaces 
of these stems with the leaves attached, and he refers to them 
different types of fructification. Thus Asterophyllites equiseti- 
formis, he says, had slightly thickened uni-nerved leaves, with 
Volkmannia sporangiferous spikes, while Asterophyllites densi- 
folius had more coriaceous and lignified leaves, with spikes of 
Macrostachya. Calamites pachyderma he regards as the submerged 
portion of the stems of these last plants or the parts plunged in 
the mud. 

As to the second group, he regards the species known as 
Calamites Suckowi and Cal. Cisti, from the upper coal measures, 
as the herbaceous stems of Calamodendron, and to them he refers 
certain leafy branchlets and spikes under the names of Calamo- 
cladus and Calamostachys. These branchlets arise singly and 
irregularly at the nodes, and carry flattened multi-nerved leaves, 
which are often slightly sheathed at the base. With Calamo- 
cladus parallelinervis n. sp. are associated small spikes, consisting 
of an axis with a number of stalked peltate sporangiophores. 
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each carrying four sporangia but destitute of sterile bracts. 
Other spikes, however, have shorty almost filiform, sterile bracts, 

* alternating with the fertile whorls, while another species, Oalamo- 
stachys tenuissima, destitute of sterile bracts, recalls Equisetum 
by the greater number of sporangia attached to each sporangiophore. 
As dissimilar spikes are sometimes found in relation with leafy 
branches which are apparently identical, it is possible that there 
is more differentiation in the reproductive structures than in the 
vegetative organs. As these fragments are obviously found in or 
near the spot where tliey lived, and no seeds of any kind or other 
reproductive organs besides the spikes, the author concludes that* 
Calamodendron and Arthropitys are Cryptogams belonging to the 
CalamariesB. 

Near these plants he places a new type named Autophyllites 
furcatus. This consists of small articulated stems with Cala- 
mitoid nodes, and large, linear, coriaceous leaves united at the 
base and bifurcated at an acute angle. Small spikes arise in the 
anils of these leaves, which carry sporangiophores but no sterile 
bi'acts. These stems have simple leaves at the base, and appear 
to be attached to rhizomes with still shorter leaves. Spheno- 
phyllum, some species of which have been wrongly confounded 
with Asterophyllites, he regards as constituting a distinct family, 
without well-marked affinities with other Carboniferous Crypto- 
gams. (Grand'Eury: La Geoloyie et la Valeontologie du Bassin 
Houiller du Gard,) 

Development of Sliitillaria from Stiirmaria. 

Perhaps the most striking part of Grand’Eury’s account of the 
coal basin of Card is that which furnishes some idea of the 
develo{)ment of Sigillaria from Stigmaria. Stigmarije he regards 
as rhizomes which grew on or in mud, or floated in water, and 
were capable of growing indefinitely without producing an aerial 
stem. But rhizomes were met with which produced large bulbs, 
as the first stage of the trunks of Sigillariae, the bulbs presenting 
four swellings, which by elongation give rise to the well-known 
cruciate form of the base of Sigillaria. At first neither the stem 
nor the root-like branches carry appendages, the latter taking the 
form of Stigmariopsis, while the former, often swollen into the 
shape of a bottle, takes that of Syringodendron of the type of Syr. 
alternans.' Thus, while according to this view Syringodendron 
represents the basal part of the trunk of Sigillaria, that, namely, 
which is immersed in water or mud, and is deprived of leaves, 
Stigmariopsis is the proximal part of Stigmarian axes. 

As no traces of seeds have been found along with Sigillaria, 
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but only spikes with macrospores, it is held that the Sigillarise o£ 
the upper coal measures, as well as those of the middle, should be^ 
classed definitely as Cryptogams. (Grand’Eury : La Geologie et la* 
PalSontologie du Bassin HouiUer du Gard.) 

Sir J. W. Dawson, referring to these results, points out that 
Stigmarise are not the roots of Sigillarise alone, and that they 
grew in the soil or in the upper layers of peaty deposits which 
have since been changed into coal. In his experience the bulb- 
like formation is an exceptional phenomenon, and he thinks the 
appearance compared to Syringodendron at the base of Sigillaria 
has really no connection with the genus Syringodendron as 
described by Sternberg and Brongniart. On the other hand the 
term Stigmariopsis, he says, might be fairly applied to those 
Stigmarise which have a wrinkled surface and somewhat irregular 
areoles. He adds that he is not aware of any instance of a 
stem of Sigillaria springing as a bud from a branch of Stigmaria 
or its termination, as is described by Graiid’Eury. (Nat. ScLy 
i. 211.) 

Professor Williamson, in reference to the same subject, says that 
Grand’Eury’s statement tliat Stigmarise are rhizomes is altogether 
inapplicable to anything that we discover in Great Britain. He 
objects to Grand’Eury calling fossils by the name of Stigmaria 
which are very difierent from those which are so called in this 
country, and which he maintains are the true Stigmaria ficoides 
Brongt. In none of these do we discover, he says, the faintest 
trace of any bud or bulb, nor yet of any indication of a point to 
which such a growth could have been attached. (N^aL Sci., i. 214.) 

The morpholoifical nature of 8tig:maria ficoides 
Brought. 

The publication of Grand’ Eury’s work has led to a renewal of 
the discussion of the morphological nature of Sfigmaria ficoides, 
and especially as to whether it is a root or a rhizome. 

T. Hick recapitulates the external and internal characters of 
Stigmaria and its appendages, that must be taken into account in 
arriving at a definite opinion on the subject. Among these he 
refers to the quincuncial arrangement of the appendages, their dis- 
aiiiiculation, their diminution in size towards the growing point 
of the axis where they are more closely approximated, their 
incurving over the same after the manner of the leaves of a bud, 
and their subsequent assumption of a position at right angles to 
the axis by cpinastic growth. In these respects Stigmaria ficoides 
differs from all known roots. On the other hand every one of 
these characters is in harmony with the hypothesis that Stigmaria 
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is a rhizome, and on that hypothesis they are all capable of a simple 
explanation. 

• The internal anatomy of the axis points to the same conclu- 
sion, In young specimens there is a well-developed parenchy- 
matous pith surrounded by a ring of collateral vascular bundles, 
but no trace of the radial centripetally-developed bundles enclosed 
in a pericycle and endodermis so generally met with in roots. In 
older axes there is the same absence of all root characteristics, and 
though secondary growth in thickness is a normal feature, it does 
not originate in the way which is characteristic of roots, but 
rather in that which prevails in stems. 

The anatomy of the appendages has been held to have a strong 
resemblance to that of the roots of Ophioglossum, Lycopodium, 
Selaginella, and Isoetes, especially in the possession of a single 
monarch vascular bundle, and on this account they have been 
regarded as rootlets. Hick suggests that this bundle, instead of 
being monarch, may be collateral, as some high authorities main- 
tain, and points out that its development, as described by William- 
son, differs in toto from that of a true monarch bundle. On 
these grounds he holds that the evidence of the vascular bundles 
in favour of the view that the appendages are rootlets is con- 
siderably weakened if not destroyed. Without insisting ujx)n 
this, however, he leaves the nature of the appendages as indicated 
by structure for the present an open question. 

Against the inferences drawn from the above facts it is some- 
times urged that the laws of plant morphology were different in 
Carboniferous times from what they are to-day, and that the various 
members of plants, e.^., roots and stems, were not then so sharply 
differentiated. Anticipating such objections. Hick contends that 
so wide a generalisation as the first should be established on in- 
disputable evidence before it is applied deductively in this way. 
As to the second, he thinks a difference of roots and stems in the 
higher types of plants, even in Carboniferous times, may be justly 
assumed-until positive evidence to the contrary is forthcoming. 

In conclusion, the structure of Stigmaria ficoides is held to 
show that its organisation approaches closely to that of a stem and 
has nothing in common with that of a root. As, moreover, it is 
known from observation that it was not aerial, the conclusion is 
indicated that it is a rhizome. (Nat Sci-y i. 360.) 

To the above paper Prof. WilliamBon has written a reply. At 
the outset he states the opinion that in dealing with Palaeozoic 
plants we must not appeal to existing tyj)es “ for illustrations 
and explanations of structures no longer existing,” and “ still less 
must we turn to what we find in Angiosperms.” He quotes the 
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definitions of a rhizome given by Sachs, Maout and Decaisne, 
and Henfrey, and asks in what single point British Stigmariae 
agree with any one of these definitions. 

As to the external characters of Stigmaria, he contends that 
although no root is now to be found in which the rootlets are 
arranged in quincuncial order, it does not follow that such an 
arrangement could not formerly have occurred, and thinks it very 
far from the truth to say that the external characters of Stigmaria 
are all in harmony with the hypothesis that it is a rhizome. He 
recapitulates the main points in the definitions given of a rhizome, 
and refers to the specimen of Stigmaria in the Owens College 
Museum and described in his monograph of Stigmaria ficoides, in 
order to show that in the absence of terminal buds, lateral 
branches, and leaves, Stigmaria ficoides fails to satisfy the require- 
ments of the definitions and cannot therefore be a rhizome. 
Moreover, as Stigmaria has only one kind of appendage, he asks 
what can be made of them but rootlets. As to the vascular 
bundles of the appendages, he insists that they are monarch bundles, 
developed “ from a monarch tracheid side by side with a phloem 
element,’’ and quotes the authority of Van Tieghem in support 
of his contention that the appendages are roots. {Nat Sci., 
i. 365.) 

In a very brief rejoinder T. Hick maintains that the specimen in 
the Manchester Museum at the Owens College is not inconsistent 
with the view that Stigmaria is a rhizome, and refers to the “Fossil 
Botany ” of Count Solms as supporting that view. As to the 
vascular bundles of the appendages, he quotes Count Solms, who 
describes them as collateral, and points out that apart from the 
mode of origin, monarch bundles are scarcely if at all distinguish- 
able from collateral ones. This being so, the evidence of origin 
is crucial, and is certainly against the contention that the bundles 
of the appendages are monarch. (Nat Sci,, i. 370.) 

The sporauf^iferous spike of Sphenophyllum cunei- 
folium. 

In a communication to the Academy of Sciences Zeiller has 
dealt with the constitution of the spore-bearing spike of Spheno- 
phyllum cuneifolium. In his work on the “Flore Fossile du 
Bassin Houiller de Valenciennes ” he described and figured 
some of these spikes, but the publication of Williamson’s memoir 
on “ Bowmanites Dawsoni ” led him to a fresh examination of his 
specimens. From one of these he has obtained a spike much 
better preserved than those previously studied by him, and has 
besides been able to examine some excellent specimens from the 
Belgian coalfield. 



PALiEOBOTANY. 


319 


As a result he concludes that the spikes of Sphenophyllum 
cuneifolium were at all points identical with the spike described 
#by Williamson, first as Volkmannia Dawsoni, and more recently 
as Bowmanites Dawsoni This identity applies quite as much to 
the structure of the spike as to the dimensions of the various 
parts. The sporangia are raultiseriate and have pedicels which 
are recurved at the extremity towards the axis of the spike, and 
form a sort of raphe or annulus along one portion of the contour 
of the sporangium. Some sporangia are o|>en, divided in some 
way into two valves by a longitudinal slit, and the author sug- 
gests that perhaps the cells of the annulus assist in the dehis- 
cence. Except as regards size, the appearance of the sporangia 
thus attached has some resemblance to that of the sporocarp of 
Marsilea, and this Zeiller considers not to be purely superficial. 
The pedicels he regards as representing the ventral lobes of the 
bracts, and analogous to the fertile lobe of the fronds of Ophio- 
glosseae or to those of the Marsileacese, only they carry at their 
extremity not a series of sporangia as in the first group, or several 
sori as in the second, but a single sporangium with a wall formed 
of a single layer of cells. 

He concludes from this structure of the spike of Spheno- 
phyllum cuneifolium that if Sphenophyllum recallsthe Lycoiwdinese 
by the structure of its axis, it is removed far from them by the 
special structure of the fruit apparatus, which tends to bring them 
nearer to the Rhizocarpeee. Hence he thinks they should be 
considered as a distinct class of Cryptogams. 

Finally ho suggests that the genus Bowmanites should hence- 
forth disappear, B. cainbrensis and B. germanicus being without 
doubt, as well as B. Dawsoni, spikes of Sphenophyllum, and 
pertaining possibly, like it, to Sphen. cuneifolium. {Comptes 
RenduSy cxv. 141.) 

New fossil plant from the liower Coal Measures of 
Halifax. 

In the Journal of the Lm'ncean Society T. Hick describes a frag- 
ment of what appears to be a new fossil plant from the Lower Coal 
Measures of Halifax. The external appearance of the fragment 
bears some resemblance to that of Stigmaria, as its surface carries 
a series of markings which have a quincuncial arrangement. When 
found the specimen was about 1*1 decimetre in length, with a 
diameter of about 5 centimetres, and though generally cylindrical 
in shape was slightly compressed. The centre of the transverse 
section is occupied by a true pith 24 millimetres in diameter, 
surrounded by a ring of collateral vascular bundles, made up of 
Bcalariform tissue and separated by medullary mys. The bundle 
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ring has a diameter of 5 millimetres, and at oertain points small 
bundles are leaving it to pass off to lateral appendages. The ring 
of bundles is surrounded by a narrow layer of tissue, which is 
probably the pericycle, and outside this is a relatively very thick 
mass of tissues — termed enveloping tissues by the author — whose 
structure is of a remarkable character. There are no leaf- 
cushions at the outer periphery, but at two points what appear 
to be two rootlets project from one side. 

Near the outer edge of the enveloping tissues there runs an 
undulated line roughly parallel to it, separating an outer narrow 
zone of parenchymatous tissue — believed to be the true cortex — 
from the thick inner tissues which are distinguished as the 
‘‘ radicular tissues.’* In the latter, which are for the most part 
parenchymatous, are numerous root-like structures, each composed 
of a collateral vascular bundle surrounded by a zone of paren- 
chyma. Some of these structures are organically connected on 
every side with the parenchyma in which they lie, while others 
are separated from it by a narrow fissure, which save at one 
point completely surrounds them. Where this incomplete separa- 
tion has occurred the periphery of the root-like structure is 
characterised by the presence of a sort of periderm. In other 
parts of the radicular tissues ” bands of periderm-like tissue are 
met with, which divide the parenchyma into irregularly-shaped 
masses, which may or may not contain a small vascular bundle in 
the centre. 

The true cortex is parenchymatous throughout, but the 
elements are not uniform in their characters at all points. 

Though not entirely free from difficulties, the author thinks 
the best explanation of this part of the fossil to be that the 
“radicular tissues” have been intercalated between the pericycle 
and the true coi-tex by secondary developments. 

The histology of the various tissues of the fossil is dealt with 
at great length, and then the author proceeds to consider its 
probable morphological nature. On the anatomical evidence which 
it affords the conclusion is reached that it is a stem structure rather 
than a root, and that the probabilities are in favour of the view 
that it is a rhizome. 

Of the systematic position of the plant the data at command 
are too meagre to warrant even an approximative conclusion. On 
the assumption that it is a Vascular Cryptogam, the author 
institutes a comparison between its anatomical structure and that 
of a number of typical forms of that group, but finds it impossible 
to decide to which family it must be referred. The arrangement 
and structure of the vascular bundles seem to remove it from the 
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Lycopodinee, wliilst among the Pilicinse the only comparable 
forms are Osmunda, Botrychium, and Ophioglossum, where the 
vascular bundles are also collateral^ and arranged in a circle. As 
to the rootJike structures of the enveloping tissues, they are to 
some extent comparable to the roots found in the cortex of some 
Lycopodiaceous and Marattiaceous plants, so that this feature 
is equally consistent with affinities with the Filicinse and Lyco- 
podinae. 

As a provisional designation for the fossil the author has 
named it Xenophyton radiculosum. (Jjhrnal of the Linnoean 
Society y Botany, xxix. 86.) 

Triaeygria, Sphenophyllum, and Asterophyllites. 

The discovery by M. de Bosuiaski, in the Coal Measures of Mount 
Pisano, of fossils which he refers to Boyle’s genus, Trizygia, has 
induced M, Zeiller to re-examine the claims of that genus to be 
regarded as autonomous. In 1850 MacClelland and Unger placed 
Trizygia speciosa of Boyle in the genus Sphenophyllum, and in 1876 
O. Feistmantel accepted this view. In 1879 Feistmantel changed 
his opinion, and gave reasons for separating the two genera, point- 
ing out, among other details, that in Sphenophyllum the leaves are 
of uniform size and equidistantly placed in each verticil, while in 
Trizygia the leaves are unequal and grouped at each node in 
three distinct pairs, the anterior pair being formed of shorter 
leaves than the lateral ones. 

ZeiUer now shows that the inequality in the size of the leaves 
and their grouping into three pairs are phenomena that are met 
with in Sphenophyllum, as e,g. in Sphenophyllum oblongatum 
and Sphen. filiculme of the Upper Coal Measures and the 
Permian. He admits that this might be a reason for referring 
these species to Trizygia rather than the reverse, but remarks that 
to justify such a course the characters in question should be 
constant. This appears to be the case in such fragments of 
Sphen. filiculme as have hitherto been met with, but it certainly 
does not hold with regard to Sphen. oblongifolium. Hence he 
thinks that where present these characters are probably the 
consequence of external conditions, and being of no generic value, 
the Indian species of Trizygia, on which the genus was based, 
ahould be referred to Sphenophyllum, as was done by MacClelland 
md Unger. 

Coming to the specimens of Mount Pisano, which De Bosniaski 
names Trizygia speciosa Boyle and Trizygia pteroides n. sp., 
Zeiller finds the former closely similar to the Indian species, but 
as the form, size, nervation, and arrangement of the leaves — 
V 
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3udg^ ttoxxL Boatuaski^s figure of an isolated verticil — agree 
exactly with those of Sphenophyllum verticillatum, he asks 
whether it should not be referred to that species rather than^tOi 
Sphen. s^ciosum Royla In Trizygia pteroides the leaves of 
each verticil have an arrangement which has not yet been met 
with fii Sphenophyllum, and which would warrant the creation of 
a third genus, if such characters were to be relied on. In place 
of the six leaves joined in three pairs as above described, it 
presents two long lateral leaves diametrically opposite to one 
another, and four leaves shorter by one half placed anteriorly. 
This may be a new species, but the form and nervation of the 
leaves seem to be very little different from those of Sphenophyllum 
verticilatum. 

In discussing the anatomy of Trizygia the author has some 
useful remarks on the relations of Asterophyllites and Spheno- 
phyllum, which are often confounded with one another. Remind- 
ing the reader that the latter may have leaves so deeply divided 
that the segments become linear, he maintains that this does not 
make it an Asterophyllites, the two genera remaining absolutely 
distinct by their mode of branching, the anatomical structure of 
their stems, the constitution of their fruit spikes, and other 
characters. Thus, he says, Sphenophyllum myriophyllum Crdpin 
has strongly decompound leaves, which may easily be confounded 
with those of Asterophyllites, although a careful examination 
seldom fails to bring to light the characteristic bifurcations. In 
the majority of species, however, leaves so much divided are 
extremely rare, and in some cases where the branches have simple 
leaves they carry branchlets having the normal cuneiform lamina. 
This is the explanation, in his opinion, of the specimens of 
Sphenophyllum cuneifoliura described by A. 0. Seward, and that 
of Sphen. oblongifolium described by Renault. (Zeiller, Bulletin 
de la Soc, Gdol, de France [3], xix, 673.) 


PHYSICAL GEOLOGY AND GEOGRAPHY. 

By Pbofessob H. d. SEELEY, F.R.S. 

RECENT EXPLORATION. 

The Pamir. 

Sir Qeorg9 Littledale approached the Pamirs on the north by 
the Alai plateau, which stretches east and west as far as the eye 
could reach, and is ten or twelve miles wide. The land is tree- 
less, with an elevation of about 10,800 feet. The Pamir River 
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is 100 yards wide, and flows through Victoria Lake on the Great 
Pamir. The lake is 13,980 feet high, and on the 27th of June 
vm» half covered with the last winter’s ice, one or two feet thick 
in places. On the south the mountain dividing the Pamir from 
Wakhan is clothed with glaciers and snow peaks. Remains of 
old moraines extend down the river. The winds were violent, 
with heavy snowstorms on the Great Pamir, 14,800 feet high, 
and the land was remarkably barren. The Little Pamir also has 
a lake with low shelving banks in a flat valley, which is surrounded 
by high snowy peaks. The surface of the Pamirs is estimated at 
280 miles in length by 150 miles in breadth, with an average 
height of 12,000 feet. It is a land with nine months’ winter and 
three months’ cold weather. (Proc, Boy, Geog, Soc,^ xxv. 1.) 

Insular condition of Greenland. 

There has for n long time been a suspicion that Greenland 
is an island. And this conclusion has been almost demonstrated 
by the arctic exploration accomplished by Lieut. R. E. Peary, 
IJ.S.N., in the summer of 1892, by overland sledge travelling 
with Esquimaux dogs. Approaching the country from* the west 
coast, the most northern point made was Cape Washington, about 
83° 30' If. 39° W. The land extended first to the N.N.E. and 
then to the S.E. On the 4th of July Independence Bay was 
reached, into which the great Academy glacier flows from the 
south. Independence Bay is about a third of the way from Cape 
Washington towards the land reported on the east coast of 
Greenland in 78° 30' N. 19° W., which is distant from Cape 
Washington about 350 geographical miles. All the northern 
fiords have glaciers flowing into them, and the continental ice-cap 
of Greenland terminates at the Victoria Inlet on the west coast 
in about latitude 83° 30' N. In the far north the land was red 
and brown in colour, and almost free from snow ; covered with 
angular stones of all sizes, and glacial debris. In this region 
flowers, insects, and musk oxen were abundant, while traces were 
found of foxes, hares, ptarmigan, and possibly wolves. (Proc. 
Boy, Geog, Soc.^ xiv. 697.) 

LAKES. 

The new Lake in the Colorado desert* 

There are many expressions in the basin of California, which 
lies between the Wasatch Mountains on the east and the Sierra 
Nevada on the west. Over this area are dotted small lakes 
filled with saturated brine ; aird there are surfaces levelled by 
evaporation, which are dried-up lake-beds, termed sinks.” The 
V 2 
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di'ainage of the region is carried away by the Colorado River*, 
running south by Yuma into the head of the Gulf of California* 
From near Yuma a stream, known as the New River, has pushed ' 
its way westward, owing to the silting up of the Colorado, as far 
as the sink of San Felipe. Here the waters expanded, and the 
sink became Salton Lake. This is situate in Coahilla Valley, 
300 feet below the level of the Gulf of California. Death 
Valley, further north, prolongs the depression, and is 225 feet 
below the level of the sea; so that it appears as though both 
valleys were portions of a northern extension of the Californian 
Gulf, dried up by upheaval and evaporation. The vegetation of 
this region is a few species of Yucca, Cactus, and Palm. The 
temperature remains for weeks between 100“ aj^d 125“ F., and 
145“ at midday; so that when the Salton Lake was first formed 
its temperature was above 100“ F. The rainfall rarely exceeds 
two or three inches a year. The evaporation is enormous, and 
the future of the lake depends upon successive seasons of high 
water in the Colorado. (J. W. Bedway, Proc. Roy, Geog, Soc,, xiv. 
309.) 

The rise ami fall of Lake Taganyika* 

The lake varies 30 feet in level, owing to its outlet becoming 
blocked. Cameron has stated that the river Lukuga, which drains 
the lake, becomes blocked by vegetation. At the southern end of 
the lake are promontories with valleys between them, exposed by 
the recent fall in level of the water. One of these valleys is barred 
by an embankment about 300 feet long and about 20 feet above 
the level of the valley. This ridge appears to be like that 
described by Cameron as a “ gi’ass-grown sandbank” at the 
entrance of the Lukuga, through which there was a channel 
300 to 400 yards wide. Each year towards the end of the rains 
the lake rises about two feet, and then gradually falls. The 
vegetation from the lake becomes jammed into the outlet of the 
Lukuga, and this closing of the channel by a porous stopper dams 
back the waters for many years till it gives way. (A Canon, 
Quart, Jour, Geol, Soc,, xlviiL 401.) 

CHANGES OF LEVEL OF LAND. 

The relatioii of Deposition to Subsidence In the 
Gulf of Mexico* • 

It has been urged that mountains are high because they are 
light, and that sea-bottoms are low because they are heavy. 
The balance in level is considered to vary when denuded 
regions become elevated, and areas of deposition continue to 
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subside because they are being loaded with sediment. This pre- 
sumed balance has been named by Dutton, Isostasy. 

W. J. McGee urges that this theory of subsidence is supported 
by much direct evidence from observed facts. Thus a large 
class of earthquakes affects regions of rapid deposition, and 
after the trembling the land takes a lower level. It is 
affirmed that the Charlestown earthquake of 1886 depressed 
the Atlantic coast plain of the United States, and that similar 
relations of earthquakes to subsidence are indicated in the 
Lisbon, Kach, Cachar earthquakes, and other catastrophes. 

Most of the areas in which deposition is going on, which 
are removed from both volcanic areas and areas affected by 
ancient glaciation, are characterised by rapid encroachment of 
the waters. The south-eastern shore of the North Sea is cited 
as an example. In that area the Rhine, Maas, Scheldt, Weser, 
and Elbe deposit their sediment, and it has been sinking since 
the begin^iing of authentic history. The measured rate of 
depression of the Dutch coast varies between *09 and *75 
metre in a century, and since 1732 the depression has been 
almost exactly a quarter of a metre in a century. The tract 
about New York Bay is estimated to have sunk two feet in 
a century. The author regards the sand dunes of Holland and 
the Keys of America as indications of depression ; but the most 
remarkable evidence is found on the shores of the Gulf of 
Mexico. 

The area undergoing denudation — which empties, by means of 
rivers, into the Gulf of Mexico — is given as 1,804,737 square 
miles, and after comparing this area with the other chief areas 
of deposition by rivers, the author concludes that their subsidence 
is proportional to the activity of the rivers in bringing down 
sediment. 

The evidence of depression in the Gulf of Mexico consists in 
the disappearance of many islands along the coast of Louisiana ; 
secondly, the coasts are skirted, with one or two exceptions, by 
Keys, from the Rio Grande to the Strait of Florida. There are 
also buried forests, aboriginal shell mounds nearly or quite sub- 
merged, and salt water overflowing many existing pine forests. 

From these indications it is inferred that the sinking of the 
land on the coast of the Mexican Gulf is nearly as rapid as on 
the coast of New Jersey. The maximum area of deposition is 
less than 300,000 square ’ miles, and the area of appreciable de- 
posit is probably 100,000 square miles. So that, if the valley of 
the Mississippi is being lowered by sub-aerial denudation one 
fpot in 6,000 years, the deposit is accumulating in the Gulf of 
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Mexico at the rate of one foot in 333 years. Hence the author 
contends that the land and sea are in a state of hydrostatic 
equilibrium, so adjusted that any transfer of the load produces a 
deformation of the earth. {Amer. Jour. Sci. [3], xliv. 177.) 

The ancient physical gfeog^aphy of Trinidad. 

From a consideration of the Naparima rocks of Trinidad 
B. J. L. Guppy concludes that there was a sea during the Cre- 
taceous and Eocene periods, probably a thousand fathoms deep, 
in the region now occupied by those rocks in Trinidad ; and that 
this sea extended northward for about 20 miles. At that time 
the northern mountains of Trinidad are supposed to have formed 
a continuous range with the chain on the coast of Venezuela, 
termed the Parian range, which helps to enclose the Gulf of Paria. 
That range formed the southern boundary of the Caribbean con- 
tinent before subsidence made the gap which separates Trinidad 
from Venezuela. There may have been volcanic action on the 
north side of the Parian range, since a little volcanic dust is found 
in the Trinidad rocks. The Orinoco is believed to have been 
then in existence, but to have brought no appreciable amount 
of sediment to the Trinidad area. At the close of the Miocene 
period gradual upheaval brought the oceanic deposits above the 
level of the sea, united Trinidad to the mainland, and dried up 
the Gulf of Paria ; and the present distribution of land and water 
was brought about subsequently. {Quart Jour. Geol, Soc., xlviii. 
519.) 


EARTHQUAKES. 

Tlie ftiouiid of €^arthQuako8. 

The sound varies, and is compared in diflerent eartli(|uakes to 
thunder, the rumbling of waggons, the firing of cannon, an explo- 
sion, the fall of heavy bodies, the roaring of wind, the hissing of 
hot iron, and loud and prolonged cheering. The sound in 
most cases begins faintly, continues to increase in loudness, and 
dies away gradually. When the sound is loudest, the principal 
vibmtions are felt; but the sounds vary in the disturbed area 
in different places in intensity, duration, character, and their 
relation to the shock. The area over which the sound is 
heard is often very small compared with that over which the 
vibrations are felt. Sometimes the sounds are heard without 
any perceptible shock, and this condition characterises dis- 
tricts where slight shocks are frequently felt. The sound 
vibrations proce^ from an area nearer to the surface than 
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the vibrations which cause the shock ; and assuming that they 
are produced by fault-movement of the earth, the sounds* are 
' attributed to minute vibrations from the upper and lateral 
margins of the displaced area. If the amount of slip is very 
small, the sound extends over the whole area, and there is no 
other evidence of disturbance ; but if there is any appreciable slip 
at all, a shock is felt ; and when a slip takes place suddenly, and 
is of great amount, the sound may be confined to the lateral 
margins of the displacement. (C. Davidson, Geol. Mag, [31, ix. 
208.) 

British earthquakes in 1§9I. 

Last year the British region was exceptionally free from 
earthquakes. On March 26th a slight earthquake was felt in 
the north of Cornwall, and recorded at sixteen places, showing 
that the point of greatest disturbance was about four miles 
north-east of Camelford. The area was seventeen miles long 
by thirteen broad. Two shocks were felt, of which the first 
was the stronger, divided from each other by an interval of some 
seconds. Earthquake sounds were heard generally. They pre- 
ceded the shock at Michaelstow on the south-west, and followed 
it at Poundstock on the north-east. The sound of the first 
shock is compared to the rumbling of an unusually heavy 
waggon on a bridge, and that of the second was like the sound of 
a heavy ground sea after breaking on the shore. The focus of 
the second shock is supposed to have been south of the first, and 
at Boscastle the sound is said to have been heard during the 
whole interval between the shocks. The author assumes that the 
earthquake was due to fault movement. Shocks were felt in 
Inverness-shire, chiefly at Invergarry and Ardochy, in the months 
of February, March, April, August, November, and December. 
They were mostly accompanied by sounds compared to the move- 
ment of a heavy carriage. (C. Davidson, Ged, Mag, [3], ix. 229.) 

THE ANDES OF ECUADOR. 

Iflountains, Glaciers, and Volcanoes of the Andes. 

E. D. Whjrmper states that the Andes of Ecuador consist of one 
principal chain surmounted by a number of volcanoes, which are 
chiefly ranged in a north-to-south line towards its western edge, 
with a succession of basins on the eastern side. All the heights, 
with the exception of Sara-Urcu, are of volcanic origin. Some, 
like Cayambe, Antisana, and Chimborazo, are extinct ; others, 
like Pichincha and Tunguragua, are dormant ; while Cotopaxi 
and Sangai* are in constant activity, and appear to be increasing 
in height. There is no record of eruption from Chimborazo ; its 
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height is fixed at 24,980 feet, and the temperature* of its summit 
in January was 21® F. The height of the snow-line in that 
month was a little below 16,000 feet on the south side, and 
nearly 1,000 feet lower on the east and north ; and in June and 
July there was little snow on the west side below 16,700 feet, 
while on all other sides there was deep snow at 15,600 feet. The 
form of the mountain is much less regular than that of the active 
volcanoes. It has two summits, twin snowy domes crowned with 
glaciers, which stream down in every direction from a plateau on 
the top. One of the smaller of these, with a tongue-like form, 
named the Glacier des Debris, is 1,260 feet wide. Clouds on the 
upper part of the mountain are a permanent feature, owing to 
the condensation of vapour from the Amazonian region. The 
mountain is contained in a ridge 10 miles long, with precipitous 
cliffs descending from its summit ridge on the south, where it is 
covered with glaciers. These glaciers are described for the first 
time. 

Corazon is 15,871 feet high, with a summit temperature of 
43® F. The summit rock is a slate-grey augite-andesite, probably 
part of a dyke which rises as a great wall. On some days no 
snow is seen upon it, and on other days it is covered with snow 
down to 14,500 feet. 

llliniza is a peak with two summits. Its upper 2,200 feet is a 
large wall, possibly a dyke, which runs from north-west to south-east. 
A glacier extends almost to the summit of the eastern face, and 
there are one or more glaciers on the western slope. All the 
higher peaks of this part of the Andes are covered with glaciers. 
Cayambe, 19,186 feet, culminates in three domes or bosses, 
enveloped in glaciers covered with snow. Antisana has the upper 
3,500 feet almost covered with snow and glaciers. It shows no 
signs of a crater ; and though a crater is seen on Pichincha, it is 
much below the summit. The mountain termed Carihuairazo forms 
the northern end of the massif of Chimborazo, from which it is 
parted by a depression called Abraspungo. It is 16,500 feet 
high, has two principal peaks, and a third to the west. It is 
clothed with snow and ice, but the temperature registered at the 
summit was 38® to 40® F. 

Cotocachi is a mountain in which the ui)per part is pyramidal, 
with a precipitous face to the east and a less abrupt face to the 
west, covered with snow. The true summit is a peak of purple- 
grey hypersthene-augite-andesite. Tradition says it was in 
eruption centuries ago ; and it is suggested that the crater may 
be buried beneath the glacier which fills the depression between 
its two peaks, Jts loyrer slopes aro rout b^ a number of fissures, 
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The cracks are all very deep and V-shaped. They are attributed 
by Mr. Whymper to successive settlements at a time when the 
. rocks were in a state of tension. 

Sara-Urcu is the lowest of all the snow- peaks. It is south-east 
of Cayambe and about 45 miles north-east of Quito. Its elevation 
is 15,502 feet. It is not a volcano, for the summit is a shattered 
ridge of gneiss, strewn with fragments of mica-schist. 

In most of these mountains the height of the January snow- 
line exceeds 15,000 feet, for many which exceed 15,000 feet have 
no permanent snow ; but when the height exceeds 16,000 feet, 
as in Cotocachi, permanent snow may occur in large beds at 
14,500 feet. In the extinct volcano Altar, which has the floor of 
the crater occupied by a glacier, there is snow below 14,000 feet. 
The glaciers of the Andes do not differ in essential features from 
the glaciers of the Alps. They attain the largest size on 
Antisana, Chimborazo, and on Cayambe, the latter possessing 
twelve which are named. 

The active volcanoes are similar to each other in their modes 
of eruption. From Sangai steam was ejected at intervals of 
twenty to thirty minutes. It shot up with immense rapidity to 

5.000 or 6,000 feet above the volcano, and then spread out in 
clouds of mushroom form, which were seen to drift ten or twelve 
miles south, demonstrating a north-to-south current in the air at 

22.000 to 23,000 feet above the sea. 

In ascending Cotopaxi, the other active volcano of Ecuador, 
Mr. Whymper experienced snow and hail every day, and on most 
ascents mist or rough weather was encounter^. Isolated snow- 
patches commenced at 15,400 feet. The glaciers on the upper 
part of the cone extend to within 500 feet of the top. The face 
of the slope was inclined at an angle of less than 30® on the north 
and south, and about 32® on the east and west. The surface is 
covered with ash, so fine that 500 particles weigh no more than 
one grain, though they are intermixed with larger fragments 
which range up to a diameter of J of an inch. The crater 
measures 2,300 feet from north to south, and 1,650 feet from east 
to west. At the bottom, probably 1,200 feet down, was a rudely 
circular spot, diameter of the crater, filled with incan- 

descent lava. The volcano is 19,613 feet high. At intervals 
of half an hour it blew off steam. It was perpetually active. 
As the steam issues from the crater it is carried first south- 
west and then north, and therefore it is interesting to note its 
position 43 miles south of the Equator. On 25th June, 1877, 
a black column rose from Cotopaxi 18,000 feet into the air. 
Tije wind blew the aeh into the Pacific, Jfext day another great 
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column arose, and as it diffused the air at Quito at midday became 
intensely dark. On the following day lava was seen to pour 
through the gaps and notches in the lip of the crater, bubbling 
and smoking like the froth of a pot that suddenly boils over. In 
a few minutes there was a roar and a deluge of water ; blocks of 
ice, mud, and rock rushed down, which were estimated to have 
travelled as far as Latacunda at the rate of 50 miles an hour, and 
the stream^s mean rate of flow to Esmeralda, a distance of fully 
300 miles, was about 17 miles an hour. In 1880 the dust, thrown 
up to a height of 20,000 feet in less than a minute, encountered 
a wind from the east, which carried the inky column rapidly in a 
horizontal direction towards the Pacific, where it was subsequently 
caught by a wind blowing from the north and blown southward 
over Chimborazo, covering the snow at its summit, and giving it 
the aspect of a ploughed field. It is stated that in the town of 
Amabato four ounces of this dust fell in a quarter of an hour 
upon a piece of paper a foot square. The majority of the particles 
weighed less than ^ grain. Mr. Whymper calculates 

that at least 2,000,000 tons were ejected in this dust eruption. 

In examining the story told by Humboldt of the little fish, 
Pimelodus cyclopum, said to have been ejected from Cotopaxi, 
it is urged that the slopes of Cotopaxi, from 12,000 feet upward, 
are uninhabited, and that no one can affirm from personal know- 
ledge that the fish were thrown from a fissure or crater 16,000 
feet high. At a height of 19,500 feet on Cotopaxi water boiled 
at a temperature of 179®, and the evidence is not favourable to 
the belief that a subterranean reservoir at moderate temperature 
could exist so as to be emptied in an eruption. On the other 
liand, the fish is found in Ecuador in streams, ponds, and lakes, at 
from 8,500 to 10,000 feet above the sea. {Travels among the 
Great Andes of the Equator,) 

GLACIERS. 

Olaciers of the Caucasus. 

D. W. Freshfield quotes M. J ukoff as authority for the dimensions 
of some of the glaciers of the Caucasus. That named Ulu-Chiran 
is 11*4 miles long and 580 to 1,170 yards wide. It ends at a 
level of 6,538 feet above the sea, where its ice is 214 feet thick. 
The glacier Mishirgi is formed of two branches. Its entire length 
is six miles, its lower extremity is 7,422 feet above the sea, and 
the ice is 425 feet thick. The melting of these glaciers gives rise 
to the Cherek Shkara River. A third glacier, Ulu-Auz, is 4*7 
miles long and 700 yards wide. The effect of the annual thawing 
is to shorten the principal glaciers by between 70 and 80 feet. 
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The bulk of the moraines are found to consist of hard and clean 
ice covered with gravel and sand. Details are given of the 
dimensions of several other glaciers which are only a little smaller 
than those enumerated. {Proe. Roy, Geog, Soc,^ xiv. 100.) 

Olaelers in the Pamirs. 

From a paper by F. £. Toonghiuband it appears that in the 
district which lies between Gilgit and Shigar on the upper waters 
of the Indus and the Oprang, which is a tributary of the Yarkand 
River, is a region containing the Gusherbnim Mountains (26,378 
feet) and Mount Godwin- Austen (28,278 feet). From these 
mountains, and especially to the south and west of them, extends 
a maze of snow-fields and glaciers of large size. One of them, 
coming from the Gusherbrum Mountains, extends nearly across 
the valley of the Oprang, and terminates in a wall of ice 150 to 
200 feet thick. Several other glaciers come down in the same 
district, one of which is described as 18 miles long, with an 
average width of half a mile, fed by three small glaciers on the 
west and one on the east. Its upper part is a smooth undulating 
snow-field, a mile and a half wide, where the snow is of a pale 
transparent blue colour. Lower down this nevd is divided up by 
crevasses, which become larger as they descend, and then the 
surface of the ice is broken into a mass of domes, which become 
sharp needle pinnacles at a lower level. Lateral moraines pre- 
serve a gravel-like appearance at the sides, and wherever tributary 
glaciers join, the median moraines are continued down the valley 
to three miles from the Oprang River, where the ice is all melted 
down, and the glacier ends in a billovry mass of moraine, l^neath 
which, however, caves and cliffs are seen in the solid white ice. 
Another glacier, called the Crevasse Glacier, is said to be 24 miles 
long, 1,000 to 1,200 yards wide, and terminates at 13,000 feet 
above the sea. Here, too, the lower extremity for more than two 
miles is covered with morainic matter. The author suggests that 
the glacier is retiring. Over a part of the Pamir the temperature 
fell more than 5^ below zero. The Taglvdum-Bash Pamir is 35 
miles long, and varies from one mile wide in its upper part to four 
or five miles at its lower end. It is from 10,300 to 15,500 feet 
above the sea, inhabited by Kirghiz and Sarikolis, who are 
dwellers in tents. The snow does not clear away from the 
bottoms of the valleys till the end of May. (Proe, Boy, Geog. Soc., 
xiv. 205.) 

Glaciers in Sikkim. 

BIr. Hoffman went up the Zemu Valley, and found its head 
closed by an immense glacier, which lies to the north-east of 
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Kanchinjimga. The glacier is a fortnight’s journey from Darjeel* 
ing. The glacier appears to have been regarded previously as a 
moraine. The Zemu River descends from it through a narrow 
precipitous mountain valley. The glacier descends almost in a 
straight line ; it is fed by a dozen tributary glaciers. Its sides 
are covered with laternl moraines, having the aspect of great 
embankments. {Proci, Roy. Geog. Soc.j xiv. 613.) 

Nlomit St. Ulias and ita g^laciera. 

The southern shore of Alaska is boi-dered by lofty moun- 
tains, which rise directly from the ocean, and are clothed with 
hundreds of glaciers, which extend down to the sea-level. The 
only break in the coast is Yakutat Bay, fifty miles east of 
Mount St. Elias, which is computed to be 18,100 feet high, 
with a possible error of 100 feet. 

The Augusta and St. Elias ranges are monoclinic upheavals of 
brown sandstone, and dark shales of great thickness, which dip 
to the north-east. The glaciers of this region are seen in many cases 
to extend in lines, in which the strata are broken and faulted. 
The lower limit of continuous snow, commonly termed the 
snow-line, is about 2,000 feet above the sea. The snow above 
that height feeds glaciers of the same type as occur in the 
Alps. The Seward glacier is fifty miles long, and three miles 
wide at the narrowest part. The glaciers, however, flow south- 
ward for fully 100 miles west of Yakutat Bay, and unite 
between the mountains and the sea into a continuous sheet, 
which has been named the Malaspina glacier. This ice-sheet 
extends 70 miles west, with a breadth of 20 to 25 miles, and 
is nearly horizontal, with a general elevation of 1,500 feet. 
It is greatly broken by crevasses, and has a rolling, undulating 
surface. 

Seen from above, the clear, white ice is bordered on the 
south by a dark band of boulders, external to which is a belt 
of forest, 4,025 miles wide. Not only are moraines found along 
the external borders, but they stream off over the ice from the 
mountain spurs ; that from the Samovar Hills crosses the entire 
breadth of the glacier, and joins the lateral moraine. The 
moraines have a tendency to accumulate, owing to the annual 
waste of the ice. On the stagnant borders of the Malaspina 
glacier there are many small lakes, both in the part of the 
moraine covered with forest, and in the outer, barren portion. 
They have walls of ice, of crater-like form, and usually drain 
eventually through a crevasse at the bottom. The forest growth 
on the morainei? here in latitude 6Q*' consists principally of the 
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bpruce fir, sometimes nine feet in diameter, with cotton-wood, 
alder, and a dense growth of shrubs, bushes, and ferns. The 
vegetation upon the moraines has sometimes 1,000 feet thickness 
of ice beneath it. It is chiefly confined to the Seward lobe, 
which is the largest of the three great portions of this Malaspina 
glacier. Forests are also found on the northern border of the 
glacier. Their total estimated area is between 20 and 25 
square miles. There is no visible surface drainage over the 
ice, and whenever streams appear they are swallowed up in 
crevasses; but along the southern margin hundreds of streams 
pour out from the border of the glacier, which rises like an 
escarpment. They are brown with sediment, and loaded with 
boulders. One of the largest streams is the Yahtse, which 
rises at the base of the Chaix Hills, flows through a tunnel six 
or eight miles long, and comes out from the glacier as a stream 
100 feet wide and 15 or 20 feet deep. Another large stream is 
known as the Fountain ; it is fully 100 feet wide, and the water 
rises 12 or 15 feet into the air, and, descending, becomes a 
river. 

On the eastern margin the most interesting stream is named 
the Kame ; it flows for half a mile in a narrow canon, with walls 
of ice 50 feet high, which eventually merge in a tunnel. (Israel 
C. Russell, Amer, Jour, Sci.j xliii. 169.) 

ANCIENT GLACIERS. 

Olen Roy* 

The earliest and the latest interpretations of the parallel roads 
of Glen Roy attribute them to the waters of a lake held back by 
glacier ice, which sank to lower and lower levels as the glacial 
period passed away. T. F. Jamieson urges that since the rainfall 
on Ben Nevis is sometimes 145 inches in a year, and the fall over 
the west of Scotland is heavy north and south of the Firth of 
Lome, the ice formed in the glacial period must be assumed to 
have been much thicker in the west than in the east. A line 
drawn from Ben Nevis, passing over the Moor of Rannoch to the 
head of Loch Lomond, marks the centre of what appears once to 
have been the greatest ice-field in Scotland ; and another line 
drawm from the top of Glep Arkaig northward to Loch Shin may 
traverse the middle of an ancient ice-field, which appears to have 
been second in importance. These two ice-fields united at the 
western end of the Caledonian Canal. This western ice, unable 
to escape through the narrow channel, rose and overflowed the 
passes which led to the east. It filled Glen Gluoy, which runs 
between Glen Roy and Loch Lochy, and it also filled Glen Roy 
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and Glen Spean. This accumulation of the ice in the west is 
more obvious, because the evaporation produced less effect where 
the ice is thick than where it is thin.. If the author’s contention 
is admitted, that we may infer the ancient fall of snow from the 
modem fall of rain, then the retirement of the ice from the 
valleys into which it had overflowed becomes an intelligible 
explanation of the origin of lakes in such valleys. As soon as 
the ice melted out of the top of Glen Roy a lake would take its 
place, though at first it might be a superficial water resting on tlie 
glacier ice. As the ice retreated further down to Glen Glaster, 
on its east side, the lake followed it ; and it was while the Glen 
was occupied by water in this way that the parallel terraces along 
its sides were deposited. It has been often urged that the 
Merjelen See in the Alps, which is held back by the Aletsch 
glacier, offers, in some respects, an illustrative parallel. Opposite 
Glen Glaster is Bohuntine Hill, and here the roads are well 
marked. The material of the roads is laminated mud, and gravel 
with angular fragments, such as ice might have accumulated 
below the water-line. But the alluvium at Bohuntine is 
attributed to the gravel and mud which fell into the lake from 
the front of the glacier when it barred the mouth of Glen Roy, 
while the upper two of the parallel ledges were forming. This 
deposit is regarded as having filled the bottom of the glen, but 
cut through by the retiring water as the lake was able to sink 
lower. After the ice retired from the entrance to Glen Roy 
it shot across the mouth of Glen Spean, extending between 
Tiendrish and Corry Choille. The ice of the Caledonian Canal 
probably filled the valley from Loch Ness down to Corran Ferry, 
and was increased by the glaciers from Ben Nevis. The lake was 
now four miles broad at the mouth of Glen Spean. The author is 
inclined to believe that when the water dropped 80 feet in level 
in Glen Roy, from the highest ledge to the middle parallel, there 
was probably a rush of water into Glen Glaster. He believes 
that the moraines of the Treig glacier have been broken and 
scattered, and that this result may have followed from such a 
debacle. At the time of the lowest parallel road it is evident 
that the Treig glacier had retreated to the mouth of Loch Treig. 
The water appears to have drained away quietly when it finally 
retired from Glen Roy, since the old deltas, which were formed in 
it during the lacustrine period, have not been carried away. It 
has sometimes been urged that there ought to be evidences of a 
stream flowing out from the lake during the period when the 
highest parallel road was forming, and this the author considers 
he has found ; and that as the stream descended to Glen Turret 
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a deep narrow ravine has been cut, and a great delta-like deposit 
was carried into the head of Glen Roy Lake at the time when 
Glen TuiTet formed the linait of the lowest of the parallel roads. 
Each of the roads is from 40 to 70 feet broad. Its slope towards 
the middle varies from 5 degrees to 30 degrees ; but near the 
head of Glen Roy the highest road ceases to have width as it 
runs along the face of the rock, and in this position there are 
some water-worn pebbles. The deltas in the glen show that the 
lake existed for some considerable time. {Quart. Jour. Geol. 
Soc., xlviii. 5.) 

Subterranean erosion’ of the Olaeial Drill. 

In many places the glacial drift of Cheshire contains depressions 
which are occupied by peat. It is observed that the sands beneath 
the peat, which rest upon the more impervious clay, yield water, 
which is charged with a sediment derived from the underground 
erosion of the clay, sand, and gravel which the water traverses. 
Hence it is urged that irregularities of the surface result from the 
underground erosion. In the depressions thus slowly formed peat 
is found, often in successive beds. This is obvious in the three 
miles of the Manchester Ship Canal between Ellesmere Port and 
Ince Ferry. The author states that the principal characteristics 
of this kind of erosion is lateral subsidence. (W. Shone, Quart. 
Jour. Geol. Soc., xlviii. 96.) 

The supposed Inter-glaeial Sabmerg-enee. 

It had come to be commonly believed that the gi’eat glaciation of 
northern Europe, which resulted in the formation of the Boulder 
Clay, was succeeded by a depression during which marine deposits 
were accumulated, in which sea-shells are found which include many 
northern species. Such deposits at Moel Tryfaen, nearly 1,400 feet 
above the sea, and at Macclesfield, about 1,200 feet above the see, 
are paralleled by similar shell-beds at Wellington, in Shropshire, 
500 feet above the sea, and those at Flamborough Head, 300 to 
400 feet above the sea. After the submergence in which these 
deposits are supposed to have been formed the land was believed 
to have risen again, and a final glaciation took place in which 
the glaciers were comparatively small and local. But in 1874 the 
late D. Belt and J. G. Goodchild suggested that these shell-beds 
had been pushed up from the bottom of the sea, in advance of the 
glacier, and left in their present elevated positions. This view% 
favoured by Clement Reid, advocated by H. Carvill Lewis, is 
adopted by G. F. Wright, as the result of examination of the facts 
in England and Wales. The objections to the submergence 
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which weigh with him are that such a subsidence must have 
affected North Wales and central England, without affecting 
the South of England. There are no corroborative evidences of 
subsidence over the northern part of the centre of England. 
There is an absence on the Pennine Chain to the east of Maccles- 
field both of glacier deposits and beach lines. The shell-beds are 
confined to areas which were reached by glaciers, which moved 
over what are now shallow sea-bottoms, while the assemblage of 
shells is not such as would be found associated at the present day, 
and the valves of the bivalves are separated. If weight is 
attached to sucli considerations, it would follow that the glacial 
phenomena in England might be comprised under one glacial 
period. {Amei\ Jour. Sci.y xliii. 1.) 

FLEXIBLE ROCKS. 

Flexible Dolomite. 

The late Professor Sedgwick described a beautiful example of 
flexible magnesian limestone. G. W. Card finds a similar rock of 
this geological age abundantrin the cliffs south of Sunderland. It 
is pale yellow, and contains minute nests of crystals of calcite. 
Experiments showed that a strip, 5 cm. long and 1| cm. thick, bent 
with its own weight through 1*6 cm., and broke when bent by 
pressure through 3*1 cm. The flexibility is attributed, first to the 
abundance of empty spaces in the rock, and secondly to many of 
the grains which form it being cemented together and so inter- 
lock^ as to permit of movement upon each other. The nature 
of this relation is not demonstrated, partly owing to the small 
size of the gmins, and partly because their margins cannot always 
be traced. The flexibility of the sandstone of Brazil, known as 
Itacolumite, like that of the similar sandstones in South Carolina 
and at Delhi, is attributed chiefly to the presence of a large 
amount of the elastic mineral mica in the planes of bedding ; but 
there is good reason to think that the decay of felspar in the sand 
has libei*ated silica, which has become redeposited so as to unite 
some of the grains together by films of silica of great delicacy, 
which are perfectly flexible and elastic. {GeoL Mag. [3], ix. 
117.) 

Flexibility of limestone. 

A slab of white crystalline limestone in the cemetery of Jefferson 
City, Missouri, supported upon four pedestals, is found, after 25 
yeai*s, to have become bent, so that in the length of 6 feet the slab, 
2 inches thick, diverges from the straight line 1 \ inch, which is 
of the distance between the supports. Assuming the curve to be 
the arc of a circle, this observation tends to show that such a 
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layer might be bent in 25 years so as to have the curvature of a 
circle 80 feet in diameter — ^an observation of some interest, and 
• tending to account for some at least of the flexures and minor 
fractures of the strata. (Arthur Winslow, Amer. Jour, Sci., xliiL 
133.) 

NATURE AND STRUCTURE OF OOLITE. 

On the formation of oolite. 

At the Bath meeting of the British Association, 1888 
(Rep. 675), H. G. Seeley drew attention to the close resem- 
blance which the calcareous internodal grains of nullipores 
show to grains of oolite, both in concentric and radiated 
structure ; and G. K. Gilbert then mentioned that grains 
of oolite were in process of formation on the shores of the 
Great Salt Lake. Rothpletz states that these are snow'-white 
calcareous corpuscles, thrown up on the low shore of the Great 
Salt Lake, where they form a substantial part of the beach sand. 
When seen beneath the water they are covered with the algaB 
Glseocapsa and Glajothece. The carbonate of lime is enclosed in 
the algae in the form of rounded tubercles, which often mass them- 
selves into larger irregular tubercular bodies. The materials 
thrown up on the shore may be either irregular tubercular 
masses several millimetres in diameter, or spherical or oval 
grains which are mostly the third of a millimetre in diameter ; 
and with these are some rods half a millimetre long, by a tenth of 
a millimetre broad. Thus it is evident that the oolite of the 
Great Salt Lake is the product of fission algae which secrete lime, 
and the deposition is proceeding day by day. The author states 
that there is a nucleus of sand in the grains of oolite now form- 
ing, which he examined, on the shores of the Red Sea. (A. Both- 
pletz, Amer, x. 272.) 

The physical structure of the Hirnant limestoue. 

This fossiliferous black pisolite consists of elongated grains, 
which owe their colour to a coating of carbon. The concretions 
of phosphate of lime in the Bala beds are also invested with 
carbon. When this pisolite is treated with acid the carbonate 
of lime is dissolved, and the carbon remains like a particle of 
soot ; but when this residue is heated so as to drive off the 
carbon, the external shells become reddisli-brown, and are found 
to consist of a little silica coloured with oxide of iron. Ex- 
amined under the microscope, many of the grains show a 
concentric structure, but the radial structure, common in 
oolites, is rarely seen. The matrix in which they are embedded 
is crystalline calcite, with small grains of quartz, in which 
w 
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moving bubbles are visible. The rock is compared in struc- 
ture to the iron-of^ of Cader Idris, Northampton, and Cleveland. 
(L. W. Fulcher, Geol Mag. [3], ix. 114.) 


ANTHROPOLOGY. 

By Pbof. H. G. SEELEY,/‘F.R.S. 

The primitive flint implements of the chalk 
plateau of Kent. 

The first flint implement of palseolitliic workmanship observed 
upon a chalk plateau was found by Sir John Evans, in 1 869, 
near Halstead, at 600 feet above sea-level. In 1885 Mr. 
Harrison began to search the drift plateau east of the river 
Parent, and has been rewarded by finding upwards of a 
thousand flint implements, which are mostly of a ruder type 
than those known previously from the valley gravels. Tliese 
implements have now been collected over an east-to-west extent 
of 20 miles, between Caterham and the Medway, at levels 
which have varied from 400 feet up to 875 feet, at the sum- 
mit of the chalk ridge of the North Downs. The most elevated 
specimens have been collected to the west of the Parent valley, 
by Mr. Crawshay. Professor Prestwich remai'ks that the rude- 
ness of the implements alone does not demonstrate their 
antiquity ; but moderately well-finished specimens are rare. 
They are all more or less stained of a brown colour ; they are 
often very slightly trimmed, and the natural edges of the ' 
flint have been utilised in making the weapon. Mr. Harrison 
classi6es the tools as crook-point tools, single-curved scraper, 
double-curved scraper, combination tool, split pebble with work 
upon one side, semi-circular tool, drawshave or hollow scraper 
(probably used for removing hair from skins), and tool for many 
kinds of work. They are often more suggestive of use in 
domestic industries than the more perfectly-shaped hunting 
implements found in the valley gravels. Their occurrence at 
these elevations probably indicates that they belong to an earlier 
period of time than the implements found at lower levels. 
(J. Prestwich, B. Harrison, De Barri Crawshay, Jour. Anihrop. 
xxi. 246.) 

fleiilptured rocka of Algeria. 

M. Flamaad describes about twenty new stations south of Oran 
where inscribed rocks have been found. The prehistoric drawings 
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represent many types of animals and the human form. The 
artists drew with a sharp-pointed stone, and polished the surfaces, 
which are enclosed with a simple outline. The animals repre- 
sented comprise the lion, tiger, panther, hysena, jackal, a gigantic 
buffalo wi^ enormous horns, which is easily recognised as the 
extinct Bubalus antiquus. Another animal resembles the 
zebra; there are many antelopes, a sheep, horses, apes, many 
elephants, and giraffes. The Bhinoceros bicomis is identified 
with some doubt. Some wading birds appear, with the ostrich 
and ibis. The human figure is rare, almost unclothed, and is 
represented with six fingers on each hand in one drawing. One 
man holds an axe of similar type to the polished stone weapons 
used by savages. Some figures have the head ornamented with 
feathers, and the body bound with a girdle. 

In the district are rock shelters in soft sandstone, partly 
excavated by water, and enlarged by man, in which are found 
numerous remains of primitive industry, including worked flints, 
many kinds of arrow-heads, needles, knives, and scrapers. At a 
depth of a few centimetres are polished weapons of a green 
ophite, sometimes 25 to 30 cms. long. Explorations at Bjebel 
Mahisserat have yielded charcoal, pottery devoid of ornament, 
and a large perforated shell of the genus Murex, which was 
probably used as an ornament. 

Associated with these early inscriptions are later drawings of 
Lybico-Berber age, which represent southern animals ; and finally 
there are early Arabic inscriptions in t)he same region. (^U Anthro- 
pologies iii. 145.) 

The ancient inhabitants of Mashonaland. 

No more singular discovery has been made recently than 
that of the great Zimbabwe ruins in South Africa. J. T. Bent 
describes the remarkable birds perched on long soapstone pedes- 
tals which decorated the outer wall of the semicircular temple on 
the hill as being proved by the beak to represent vultures or 
hawks, though the thick neck and legs, long talons and plumage, 
rather indicate the vulture. They appear to be associated with 
some symbolism, for one has two circles carved under it, and 
two on the wings ; and another is perched on a chevron pattern. 
The author recalls the ancient symbolism of maternity by tho 
vulture ; and regards these images as comparable to some 
described by Lucian in a temple at Hierapolis, near the Eu- 
phrates. There also appears to have been a close correspondence 
in plan between the Zimbabwe ruins and that temple. On one 
of the soapstone bowls found in the ruins is a fragment of a 
w S 
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procession, indicating a hand holding a pot, containing some 
offering, and an arm of another figure with a portion of the back 
of the head, on which the hair is drawn up in folds, which recalls ' 
Assyrian sculpture. From this Mr. Bent infers the foreign origin 
of the builders of the ruins of Zimbabwe ; and believes the con- 
clusion that they came from northern regions to be evidenced by 
the fact that they placed the tower and fortress on the southern 
or shady side of the hill j whereas Kaffirs always prefer the sunny 
side. A fragment of another bowl has on it an elaborate design 
taken from some plant with a spathe and an ear, which closely 
resembles an ear of com. On a third fragment is an indication 
of an inscription, but no attempt is made at deciphering the sup- 
posed letters. Another bowl has a procession of bulls around it, 
characterised by very long horns, which vary in position in dif- 
ferent individuals. It is interesting to remember that remains of 
a buffalo {Buhalus Baini) with very long horns have been found 
buried in the river drifts of the northern part of Cape Colony. 

With these and other bowls w^ere found, near to the surface, 
a few fragments of Persian ware, of Celadon pottery from China, 
and a specimen of Arabian glass, and beads, one of which is 
regarded as Egyptian of the Ptolemaic period. Close underneath 
the temple was a gold smelting furnace, made of a hard cement 
of powdered granite; and near by were the rejected quartz crush- 
ings from which the gold had been extracted. Near the furnace 
were many small crucibles of clay, in nearly all of which specks 
of gold adhered to the intqfior glaze. In several places there are 
long rows of stones for crushing quartz, sixty or seventy, in a 
row. There is evidence that the gold-workers of Zimbabwe were 
acquainted with the art of plating, one spear-head being gilt in 
this way. There are bells found such as are now made on the 
Congo, and the ironwork, which includes cliisels, adze, and 
spades, points to a higher civilisation than that of the modern 
Kaffir. Mr. Bent concludes that the remains are older than the 
Mohammedan period, and that the evidence favours an Arabian 
origin. (Jour, Anthrop, luat,^ xxii. 124.) 

Burials in Russia. 

In the fourteenth, fifteenth, and sixteenth centuries the use of 
the sledge for conveyance at funerals was common, both in winter 
and summer; but in the seventeenth it appears to have been 
regarded as an ancient custom, though still used at the funerals 
of royal persons. It is well known that the sledge was used 
at funerals in ancient Egypt; and it is not less remarkable 
that it was also used in royal marriages, and continued to bo 
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Used by the Patriarchs of Moscow long after wheeled carriages 
came into use. The peasants of the Government of Vologda 
take their dead to the cemetery in a sledge, which they turn 
upside down, and leave on the grave. The man^s arms are 
buried with him, and his reindeer slain ; as is also the custom 
with the Finnish tribes on the Volga, and at the foot of the 
Ural range. 

The Ostyaks of the Obi have the custom of burying their 
dead coflSned in the front half of a boat, a custom which is 
thought to have probably arisen from the need of crossing a 
river to reach the happy hunting-grounds. It is recorded that 
in the tenth century, on the Kama tributaiy of the Volga, the 
burial custom for the poor man was to place the body in a small 
boat and bum it. 

In other parts of Russia horses are buried with the dead, but 
the custom is more frequent in eastern Russia and Siberia than 
in the west. Often, instead of burying the whole horse, only a 
part of its skeleton is used, commonly the skull or leg bones ; and 
the bit and stirrups are laid on the grave. The Croats borrow 
horses for use at funerals, that the deceased may have no claim 
on them. The last instance of killing a horse at a funeral in 
Germany occurred in 1781. The custom survives in the habit of 
taking the horses of soldiers and royal personages to the grave, 
though the significance of the custom lias been forgotten. (D. N. 
Anuchin, Jour, Anthrop, Inst, xxi. 321.) 

Phcenieiaii burial. 

M. Haunezo describes some examples of Phoenician sepulchres 
found near Mah^dia, in Tunis, and finds proofs that the dead were 
sometimes buried and sometimes burned. When burned, the 
bones were collected in an urn, which was placed in a cave. 
When burial was practised, the body was deposited in a cave, 
either upon a natural surface of tufa or, more frequently, in a 
wooden coflSn, which was deposited upon the tufa. The head is 
towards the wall opposite to the entrance. The place of burial 
was reached by a staircase, obstructed by fragments of excavated 
rock, and was shut off by a door of tufa flagstone. The skulls 
found were examined by M. CJollignon. One skull of an old 
man has a cubic capacity of 1617 cubic cms. It is clearly 
dolichocephalic, with the superciliary ridges and glabella very 
pronounced, and a general prognathism. The palatine arch is 
deep. It is best paralleled by Gond skulls from India, in which 
the author suggests that the Phoenician type may be represented. 
{U Anthropologies iii. 161.) 
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Marriage customs of the IJkrain. 

T. Volkov gives an account of the rites and marriage-customs 
of the Ukrain, which are in some respects primitive and bai'baric. 
The colour in use for flags is red, the wine is tied up with red 
ribbons in some districts, and the headdresses of the men and 
women are decorated with the same red colour. At the close of 
the social observances the young people are taken to church, 
where the bride goes through the ceremony of having her head 
covered with white muslin. If there is no church accessible, 
the same ceremonies take place by the side of a well. On 
returning to the house the head-covering is removed with a 
stick, or with the hand. Bread and honey is eaten. The wedding- 
feast lasts sometimes for seven or eight days ; and at its close the 
newly-married couple retuim the visits of all their friends, 
taking with them in some localities seven cakes to each. In 
the Government of Poltava the parents are crowned when their 
last daughter is married. In all the marriage observances the 
mother of the bride and mother of the bridegroom take the most 
prominent parts. It is the mother from whom the bride is 
demanded ; she gives her blessing. The songs are addressed to 
her while the bride^s hair is cut ; she conducts them to church, 
throws salt over them, and presides over all the other ceremonies. 
The mother of the bridegroom takes her son to the bride^s house 
to receive the benediction, and awaits the party in the church. 
The author believes that all the primitive steps in the evolution 
of marriage are preserved and symbolised in the customs and 
ceremonies of the Ukrain. {V Anthropohgie^ iii. 541.) 

Skull charaetera In the North of France* 

B. CoUignon, examining the physical characteristics of the 
C6tes-du-Nord people, finds at Guingamp that the brachycephalic 
Celtic race of Broca is manifest. At St. Brieuc this race is 
intermixed with a southern brachycephalic element. At Dinan 
the predominant type is the dolichocephalic blond. At Loudeac 
these two types are irregularly mixed. At Lannion tliere is a 
notable percentage of the ancient Cro-Magnon race, which has the 
face large, with the skull brachycephalic and small, and hair and 
eyes brown. These people are intermixed with dolichocephalic 
blondes, and brachycephalic brunettes. The characteristics thus 
indicated, although very obvious in central types, show many 
gradations towards each other, for the crossings of races have been 
many and varied, and no man of pure race remaina {UAnthropo- 
rt>, iii. 43.) 



BIOLOGY (ANIMAL). 

ZOOLOGY AND COMPARATIVE ANATOMY. 

By C. HERBERT FOWLER, B.A., Ph.D.* 

EMBRYOLOGY. 

Mataration, fertilisatfon, and segfmentation of tbe 
ovum. 

Hexiking brings together the conclusions derived from his 
series of memoirs on the developmental processes of the Insectan 
ovum. The following are among his most interesting results, but 
there are variations in the phenomena according to the genus 
examined. The chief part of them rest on Pyrrhocoris. The 
cells of the germarium, the follicle cells, and the ordinary tissue 
cells of the body, all have before division twenty-four chromosomes 
in their nuclei, and these in division split, so that there are 
twenty-four chromosomes in each daughter nucleus. In the case 
of the mature ovum, however, only twelve chromosomes are 
present ; in the formation of the first polar body these also split 
(without any appearance of polar rays or centrosomata), the two 
halves being connected by achromatic fibrils, in the equator of 
which is a ‘‘nuclear plate.’’ Inthe process of constriction to form 
the polar body, this achromatic nuclear plate is left behind in tlie 
ovum to form the “ thelyid the second polar body is formed in 
the same way, so that the ovum, when ready for fertilisation, has 
(like the spermatozoon) half the number of chromosomes possessed 
by an ordinary cell. Many spermatozoa may enter the ovum 
without producing apparent abnormality {cf, Hertwig, p. 362), only 
one was ever seen to copulate with the nucleus of the ovum. The 
fate of the superfluous spermatozoa, and of the polar bodies, which 
are reabsorbed into the egg, was not traced. An “ Arrhenoid ” 
which Henking describes as formed out of the tail of the 

* Dr. Fowler was unavoidably prevented from completing his contri- 
bution to this section, and the Editor is indebted to R. I. Pooock, Esq., 
and R. Lydekker, 1^., for supplementary matter. The paragraphs 
contributed by the former are marked wl& an asterisk ; those by the 
latter form a separate section. 
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spermatozoon, resembled in its behaviour the centrosomes described 
last year. Year-Book ” for 1891, 337.) The polar bodies may 
divide and fuse. A marked synchronic rhythm was observed in 
the divisioa of the ovum-nucleus, the polar-body nuclei, and the 
spermatozoa ; as many as ten nuclei may be going through the 
same changes at the same moment, though only one of the male 
and one of the female appear to take part in the actual develop- 
ment of the embryo. He concludes with a brilliant comparison 
between these phenomena and those recorded by Maupas in his 
classic paper as occurring in the conjugation of Infusoria. 
Henking also describes the formation of the polar bodies in the 
2 )arthenogenetic ova of Rhodites, Bombyx, and Lasius. 
wiss, ZooL, liv. 1.) 

Although diftering from Henking in details, the main con- 
clusion at which Hacker arrives with regard to the number of 
chromosomes is essentially the same. He has selected Copepodan 
ova for his study ; in ova of Canthocamptus the nuclear filament 
is resolved into twenty-four double-chromosomes, these are trans- 
formed into four rods, each consisting of six of the former ; two 
rods are ejected with the first polar body, one with the second, 
the fourth containing the chromatic substance for the nucleus of 
the unfertilised ovum. Here the chromosomes are first doubled, 
then quartered, the total result being, as in Pyrrhocoris, that the 
ovum contains half the right number, which is brought up to the 
normal by fusion with the spermatozoon. {ZooL Jahrb., v. 211.) 

Ishikawa approaches the same subject with a study of Cope- 
podan Spermatogenesis and Ovogenesis. {Journ, ColL Science^ 
Tokyo, V.) Vom Bath has attacked Spermatogenesis in Gryllo- 
talpa, and his results are again slightly different from those of 
other observers. In his paper will be found a summary of recent 
observations on the subject. (Arch, mikr. AnaUy xl. 102.) 

In Pristiurus also Ruckert finds that in the ovum, when 
preparing for the formation of polar bodies, etc., a doubling of the 
chromosomes occurs ; in this form the number is not, however, 
always the same in every ovum, from thirty to thirty-six are to 
be found in the primitive ovum and the ordinary tissue, sixty to 
seventy-two in the maturing ovum. From their position it is 
obvious that the multiplication is effected by the usual process of 
longitudinal splitting of the chromosomes. A shortening and 
fusion then occurs, till just before the disappearance of the nuclear 
membrane there are only about eighteen present, i.e., half the 
number present in ordinaiy cells. These probably split in the 
formation of the first polar body, since alike in it and the ovum 
eighteen are to be found. The author believes that a similar 
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process occurs in the formation of the second polar body, but his 
observations here are less precise. If this be so, here also the 
number of chromosomes in the ovum before fertilisation would be 
half that of the ordinary tissue cells. [Anat, Anz., vii. 107.) 

R^kert also points out in a second paper that at any rate the 
greater number, if not all, of the yolk-nnclei (= parablast nuclei 
or merocy tes) of fish ova are the nuclei of supernumerary sperma- 
tozoa, that they undergo karyokinosis (cf. Oppel, “ Year-Book ” for 
1891, 338, and his fuller paper this year. Arch, mikr, Anat., xxxix. 
215). In their division the number of chromosomes is half that 
of the ordinary tissue cells. (Anat, Anz.^ vii. 320.) 

Driesch, continuing the remarkable experiments chronicled last 
year (“ Year-Book ” for 1891, 340), shows that not only after the 
destruction of one of the first two** segmentation spheres of the 
Echinidan ovum, a perfect but small pluteus is produced, but also 
that a similar result may be obtained by the destruction of either 
one or three of the first four blastomeres. He further finds 
that by pressure on the ovum, so as to turn the nuclear spindle in 
karyokinesis at right angles to its natural position, the direction of 
the segmentation may be completely altered ; by thus pressing on 
a four-celled stage, of which the next segmentation furrow would 
normally be equatorial and produce an eight-celled stage, four 
above four, he achieved an eight-celled flat plate, the furrows 
being thus artificially made meridional. These remarkable facts 
appear only in a preliminary note ; but the author claims to show 
that the results of segmentation are equivalent in different 
material, of which any part may become either a complete 
individual or any part of one. (Anat, Anz., vii, 584.) 

Roux, summarising his own work and that of others on artificial 
teratology resulting from destruction of the segmentation spheres, 
endeavours to show that the differences of opinion between them 
are reconcilable. His own previous observations showed that 
on the destruction of one of the two first segmentation spheres of 
the frog, a half-morula was produced, followed by a half-gastrula 
and half-embryo; to this he now adds that in several cases a 
“ post-generation ” occurs resulting in the conversion of the 
half-embryo into a small complete embryo. He therefore con- 
cludes, on a comparison with the results of Driesch, Chabry, 
Her twig, etc., that in the three classes of Chordata, l^hinoder- 
mata, and Coelenterata, a destruction of one of the first two 
segmentation spheres, or its separation from the other, produces a 
Hemiplast, or bisected embryo ; that after this, either at once 
(Echinus and Ascidia) in alecithal ova, or later (Rana, Cteno- 
phora) in highly-yolked ova, a post-generation of the missing 



346 


THfi YEAR-BOOK OF SCIENCE. 


half takes place, resulting in the production of a tiny whole, 
which he terms a Hemiooholoplast or Mikroholoplast. (FerA. 
Anat. Ges,, viL) 

Clapp has noted the relation of the axis of the embryo to the 
plane of first cleavage of the ovum in Batrachus tau : a point 
of some importance in connection with recent views in the 
‘‘ predestination of the egg. Of twenty-three cases, the two 
coincided in three ; the head was to the right of the cleavage 
plane in fourteen cases, the long axis of the embryo making an 
angle of 30® to 70® with it ; in six it was to tlie left, the angle 
varying as before. {Journ. Morplu^ v. 494.) 

INVERTEBRATA. 

€flPlenterata« 

Zoja describes a complicated nervous system in Hydra, obtained 
by the methyl-blue method of staining living tissue, which has 
recently yielded such interesting results. Only a preliminary 
note has at present appeared. {Zool. Anz., xv. 241.) 

Brauer, whose interesting paper on the development of Hydra 
was chronicled last year (‘^Year-Book ” for 1891, p. 342), has in- 
vestigated the development of Tubularia, with the view of ascer- 
taining whether the so-called morula-stage, occurring also in this 
ontogeny, did not here, as in Hydra, represent the two-cell 
layered embryo ; he finds that it does so, the inner cells being 
the true endoderm. {Zeit, wiss, ZooLy lii. 551.) 

Albert Lang sho>vs that in the gemmation of certain Hydrozoa 
the whole bud is formed from the ectoderm of the parent. The 
process of gemmation consists of a multiplication of ectodermal 
(interstitial) cells, of which some, on the reabsorption of the 
mesogloea, wander inwards, replacing and pushing before them 
the true endoderm cells : they become continuous with the true 
endoderm at the sides of the gemmation-area, but the cells which 
they replace are thrown into the coelenteron and reabsorbed. A 
remarkable feature of the investigation is that it was suggested 
to Lang by Weismann on the purely theoretical ground that the 
“ Xnospungs-idioplasma ” must lie in the ectoderm, not in both 
body-layers. (ZeiL tviss. ZooLy liv. 386.) 

Schlate has worked at the “ colletocystophores or “ marginal 
anchors ” of Haliclystus (Lucemaria) and regards them as very 
simple tentaculocysts, i.e., sense organs modified from tentacles, 
resembling those of other acraspedoto medusae, but at a lower 
grade of complication. (ZeiL wise. ZooLy lii. 580.) 

* A Aloook, M.B., records an interesting case of commensalism 
occurring between a Hydroid polyp (Stylactis minoi, sp.n.) and 
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a ScorpoDnoid fish (Minous inermis, sp. n.). The two species are 
invariably found associated together in the Indian Ocean. The 
p polyp is usually attached to the throat or near the gill-openings 
of the fish, and no doubt benefits by securing for itself particles 
of the food that the latter is devouring. The fish, on the contrary, 
which is remarkable amongst its allies for the thinness of its skin 
and the feeble development of spine-armature, and thus stands in 
need of some protective agent, is doubtless partially concealed by 
the Hydroid alike from enemies and from unsuspecting prey, and 
is, moreover, protected from the assaults of many of tho former 
by the urticating property of the polyp. (Ann, Mag. Nat, Hist. 
[6], X. 207.) 

Porifcra. 

The most bewildering chapter in embryology is undoubtedly 
that which relates to the sponges. The development of Esperia 
chronicled by M aa s has not made it much clearer. The free 
swimming larva is oval, and is covered over some five-sixths of 
its surface by slender columnar ciliated cells with small nuclei. 
The posterior sixth is, like the central mass, composed of non- 
ciliated cells with large nuclei. The larva fixes itself by the 
anterior pole, and the cells with small nuclei come to be included 
in the others, apparently by a sort of epibole, and then form a 
mass in the lower part of the sponge ; they give rise to the 
lining of the ciliated chambers and canals, the other, now exterior 
cells, form the outer layer of the sponge, and line the subdermal 
Slices. The author is expressly careful not to mention the 
terms, but the (originally) outer layer of ciliated cells is doubtless 
what is generally termed ectoderm, the (originally) inner layer 
endoderm. The segmentation was not, however, followed. 
(Mitiheil, zooh Sta, Neapel^ x. 408.) 

Zykoff gives in a preliminary note (Zool. Anz., xv. 95) his 
conclusions on the development of the gemmules in Ephydatia 
(Spongilla) fluviatilis. They commence by the appearance of yolk 
spherules in certain amoeboid cells ; these become surrounded by 
parenchym cells, but, pace Goette, neither the ciliated chambers 
nor canals take any part in their formation. The peripheral 
parenchym-cells become radially arranged and club shaped, and 
secrete chitin at their central ends to form the inner shell. He 
further states that the amphidiscs are formed, not inside these 
club-shaped cells, but outside and beyond them, but does not 
state by what cells they are secreted. The club-shaped cells then 
work their way on to the surface of the amphidiscs, and deposit 
the second chitinous layer. 
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J. Hoxnell has discovered in Jersey a case of conomensalisnl 
between a red sponge (Microciona plumosa) and an annelid 
(Lencodora cieca). The apertures of the worm-burrows could be 
counted in numbers on the surface of the sponge. Mr. Hornell 
explains the commensalism as follows : he imagines that the 
sponge gains considerable support from the wiry tubes of the 
worm, and possibly food from the excreta ; whereas the worm 
finds a protector in the sponge, which is spicular and characterised 
by an intense smell of garlic, and very possibly gets food from 
the water currents set in motion by its cilia. (Nature, xlvii. 
78.) 

Minchin continues his work on sponges. He has studied at 
Naples the Leucosolenia (Ascetta) clathrus, which is generally 
supposed to be devoid of an osculum. Not only does it prove 
to have oscula, but Haeckel’s Ascetta labyrinthus, A. maeandrina, 
A. clathrina, and A. mirabilis, are merely this sponge in 
different stages of contraction. The author agrees with Topsent 
in regarding the contractile elements as derived from ectodermal 
epithelium. {Quart Journ, Micr. Sci., xxxiii. 477.) 

Eehinoderniata. 

In the development of Amphiura squamata Rubbo finds 
confirmation of the theory, advanced last year by Brauer, that an 
unipolar formation of me.soderm takes place in free swimming 
blastulae, but a multipolar formation in cases where development 
occurs in a limited space. While in the generality of Echinoderms 
the early development occurs free in the water, and the forma- 
tion of the two-cell-layered embryo is effected by invagination, 
in Amphiura development takes place in the body of the mother, 
and the endoderm is formed by delamination. An interesting 
feature in this develofmient is that the figure illustrating the 
delamination is precisely like the well-known figures illustrating 
the hypothetical development of metazoa from protozoa on the 
delamination theory of the gastrula. The cells of the blastula are 
at their peripheral ends transparent and yellow, but centrally are 
red and opaque with yolk ; it is this central end whicli is cut 
off to form the endoderm by delamination. {ZooL Anz., xiv. 
405.) 

The mo.st important of MacBride'B results is the origin of the 
genital cells in Amphiura squamata from coelomic epithelium, 
thus bringing them in a line with other Coelomata. The ovoid 
gland arises from a portion of the rudiment which gives rise to the 
primitive germinal cells, as a solid organ. {Quart Journ. Micr. 
Sci., xxxiv. 129.) 
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Cheetopoda* 

Cerfontaine confirms Friedliinder’s conclusion as to the nervous 
nature of the giant fibres in the nerve-cord of the earthworm. 
According to him they arS fibres of a very special nature. The 
median one takes origin anteriorly, and is directed backwards ; the 
lateral ones, which are occasionally in communication by connec- 
tives, originate posteriorly, and run forwards ; their function is 
to make longitudinal connection between the different parts of 
the nervous system. 

Lenhoss^k has studied the nervous system of Lurabricus with 
the aid of the methyl-blue method, which has lately yielded 
such splendid results. He finds that the sensory nervous 
sj'stem of the earthworm lies in the epidermis, in the shape of 
nerve-cells among the columnar supporting cells, which give off 
nerve-fibres ending in the nerve-cord. This condition he regards, 
as others have done, as indicating a primitive developmental 
grade, but one in which a differentiation has already taken place, 
a yet earlier condition being that in which all cells alike were 
sensory. He maintains that in the earthworm, as in all animals, 
vertebrate and invertebrate alike, there are no nerve-fibres which 
terminate at both ends in nerve-cells : an epidermal nerve-cell is 
not a “ nerve-end-cell,” but the cell of origin of a nerve-fibre. 
Jn the higher animals the primitive condition of the earthworm 
is altered in two directions, the sensory nerve-cells of the epi- 
dermis are either accumulated in special spots as organs of special 
sense, or else, like the motor cells, sink inwards from the surface ; 
some, however, always remain on the surface — e.^., cells of the 
lateral line and “taste-bud ” cells of the tongue and nose, both of 
which kinds are to be regarded as cells giving origin to nerve- 
fibres. As His surmised and Golgi proved for vertebrata, the 
nerve-fibres from these sensory epidermal cells branch freely in 
the nerve-cord, and do not enter other nerve-cells. {Arch, mikr, 
Anat,y xxxix. 102.) 

Lortet and Despeignes buried fragments of consumptive lung in 
flower-pots, and found that six months afterwards the earthworms 
placed in the pots for experiment were highly charged with the 
tubercle bacillus. They are of opinion that, as Pasteur showed 
twelve years ago, earthworms are a serious danger in bringing 
septic Imcilli to the surface of the ground from buried bodies. 
{Comptea Rendua^ cxiv. 186.) 

Beddard gives good grounds for believing that .^^olosoma may 
temporarily encyst itself, a power not hitherto recorded of any 
chaetopod. {Ann, Mag, N,U, [6], ix. 12.) 

VejdoTsky confirms these observations of Beddard from h:8 
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own experience ; and relates a comparable phenomenon in earth- 
worms. He has noticed that both in confinement and in a 
wild state older worms sometimes become thin and retire to 
roundish holes in the earth, which are lined by a fine membrane 
comparable to a cyst, and in which the worms are rolled up in a 
skein or spiral. The clitellum and genital openings become un- 
recognisable, no food is found in the alimentary canal, and the 
animal becomes extremely transparent. He regards the process 
as probably connected with reproductive rejuvenescence. (Zooh 
Anz.y XV. 171.) 

Turbellariau 

Vogt mentions briefly a case of a (? temporarily) parasitic 
Turbellarian of the genus Gunda encysted on a murasnid larva. 
(C. /?. Franc.y 1891, pt. i., p. 239.) This parasitism has not 
been previously observed in this group. 

Nemertina. 

DuPlessiB has found, under shingle at the lake of Geneva, 
numerous specimens of a true tetrastemmid Nemertine, in full 
reproduction. {Zool. Anz,^ xv. 64.) 

Do Guemo gives a summary of the recorded occurrences of 
Nemertines in fresh water, in connection with this discovery. 
{C. Jt. Soc. Biol. [9], iv. 360.) 

IVematoda. 

Bitsoma Bos. gives a long account of the maladies produced in 
various plants by the ravages of Tylenchus devastatrix, of the 
highest interest, but too long to detail here. {Arch, Mus. Teyler, 
[2], iii. 545.) 

Acanihocepliali. 

Stiles brings forward some evidence to show that Lachnostema 
serves as secondary host for Echinorhynchus gigas in America, 
where the European hosts, species of Cetonia and Melolontha, do 
not occur. The worm appears to infest swino to a great extent 
near Washington. {Zool. Anz.y xv. 52.) 

Chflelognatha. 

Jourdain states that the mode of origin for the mesoderm in 
Sagitta, described by Kowalewsky and Biitschli, namely, from a 
pair of archenteric pouches, does not occur. The matter is of 
some interest on account of the general resemblance in develop- 
ment between Sagitta and Amphioxus. According to Jourdain 
the two lateral lobes are formed) but disappear, and the meso- 
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derm is formed by delamination from ectoderm and endoderm. 
{Comptes RenduSj cxiv. 28.) 

Polyzoa. 

Experiments with carmine, indigo-carmine, and Bismarck- 
brown, have been made by Harmer with a view to ascertaining 
the nature of excretion in Polyzoa. The organ affected by these 
pigments in suspension varied according to the pigment used and 
the species selected for the experiment ; the leucocytes, the ali- 
mentary canal, and the funicular tissue were so affected. The 
pigments taken up by the alimentary canal were mostly passed into 
the “ brown body,” which is formed by degeneration of the polypide 
apparently under the stimulus of the pigment ; the leucocytes 
when charged with pigment appear henceforth to take no further 
part in the life of the animal. On regeneration the tissues of 
the new polypide are entirely free from pigment. The author 
regards the three organs mentioned as the chief source of normal 
excretion, and agrees with Ostroumoff in holding the “ brown 
body ” with its natural pigment to be a means of normal excretion 
correlated with the absence of nephridia in this group. {Quart. 
Jour. Micr. Sci., xxxiii. 123.) 

Artliropoda. 

* E. Whymper has made some observations of the highest import- 
ance upon the vertical range of animal life in the Andes of 
Ecuador. Upon the whole it seemed that most species had a 
comparatively small range in altitude. Two species, however, 
were an exception to this rule, a moth (Erebus odora) occurring 
both at the sea-level and 10,000 feet above it, and a wood-louse 
(Metoponorthrus pruinosus), which was found just outside 
Guayaquil and as high as 13,300 feet on Antisana. One 
species of butterfly was found upon nearly all the mountains 
between the elevations of 13,000 and 16,000 feet, but it was 
neither taken nor seen in any of the basins between the 
mountains. So, too, were many beetles restricted to high 
elevations on the mountains, and were not found in the valleys. 
Thus Helicorrhynchus vulsus and Macrops coelorum were dis- 
covered at 15,500 feet on Pichincha and at 16,000 feet on 
Chimborazo. From Whymper’s highest-point table it appears 
that grasshoppers were met Avith on Chimborazo as high as 
16,000 feet, and a species of centipede (Scolopocryptops mexi- 
canus) — a widely distributed neotropical form — on the same 
mountain as high as 13,300 feet. Spidei-s were found on the 
summit of Corazon 15,871 feet, on Chimborazo up to 15,811 
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feet, and on the summit of Pichincha at 15,918. {Travels 
amongst the Great Andes of thz Equator^ 351 — 366.) 

Crustacea. 

Groom gives a different orientation to Sacculina from that 
usually accepted, in regarding the visceral portion of the adult as 
a fusion of head and thorax. (Proc. CamK Phil. Soc., vii. 160.) 

Viguier has repeated the experiments of Groom and Loeb on 
the heliotropism of the nauplius larva of Balanus perforatus ; 
but is unable to arrive at the same results. After being shut up 
in a photogi’aphic “ dark room ” they should, according to Groom 
and Loeb, all swim to the light (positive heliotropism), and after 
being exposed to it for some time should swim away from it 
(negative heliotropism). Viguier, however, found that on 
exposure to light after darkness the larvae separated into two 
groups + and — , the — being generally larger than the +, and 
that gradually more and more — came over to tho + side, till at 
the end of nine hours the — group was as large as the + group 
had originally been. On removing the + and placing them in 
another vessel they separated into + and — . Whatever law 
governs their movement, it is more complicated than Groom and 
Loeb suspected; and Viguier declines to admit that it governs 
the vertical movements of the pelagic fauna. (Comptes JRendus, 
cxiv. 1489.) 

Gravel has made some observations showing that reciprocal 
fertilisation occurs in Balanus and Lepas, the penis being intro- 
duced between the valves of a neighbouring shell. {^Comptes 
RenduSy cxiii. 706.) 

Marchal furnishes a very full account i^Arch. ZooL Exp, Ghi, 
[2], X. 57) of the antennary glands of Decapoda ; he does not 
lielieve the nephro-peritoneal sacs to be portions of a true coelomic 
cavity. {Cf “Year-Book” for 1891, 348.) 

Giard and Bonnier have submitted the rare Cerataspis (Crypto- 
pus) to a renewed study, and conclude that it is “a penseid 
tending towards a brachyurous condition,” thus attacking a recent 
paper of Van Beneden, who assigns it to the Schizopoda. 
(Comptes RenduSy cxiv. 1029.) 

Heim, like many others, has submitted the blood of Decapoda 
to physiological and chemical examination. The most important 
of his conclusions is that hsemocyanin differs from hsBmoglobin 
in the absence of a metal in the molecule; that the copper 
present in the blood is an accidental element, and not combined 
as an albuminate. (C. R. Asr. Franc.y 1891, pt. 2, 586; and 
Comptes RenduSy cxiv. 771.) 
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Weldon has continued his attempts to estimate variations on a 
mathematical basis. In a former paper he showed that the varia- 
tions in size of certain organs of the shrimp occurred with a 
frequency practically identical with that indicated by the law of 
probability. Taking now the total length of the carapace, and 
comparing it with the length of that poi tion which lies behind 
the last spine, he finds that if these measurements be expressed 
in terms of their probable error, when the one differs from the 
average by any constant amount, the deviation of the other will 
be 0'80 to 0’85 times the deviation of the former ; in other words, 
the correlation between the two lengths is expressible as a mathe- 
matical constant. A large series of such specific constants would 
give an altogether new kind of knowledge of the physiological 
connection between the various organs of animals ; while a study 
of those relations which remain constant through large groups of 
species would give an idea, attainable at present in no other way, 
of the functional correlations between various organs which have 
led to the establishment of the great subdivisions of the animal 
kingdom. (Proc. Roy, Soc.^ li. 2.) 

* A. Alcock has made some observations upon the habits 
of the red ocypode crab, a terrestrial species which is common in 
some parts of India. This crab lives in holes in the sand, and 
although gregarious in the sense that numbers frequent the same 
spot, it appears that only in one respect is there social combina- 
tion between the various individuals of the community. It has 
long been known that the species of Ocypoda are furnished with 
a highly developed stridulating organ upon one of the chelae. 
Mr. Alcock has noticed that each crab has a burrow to itself, 
and that if one of them, as often happens in the case of a 
panic, attempts to enter by mistake the burrow of another, 
the rightful occupier stridulates to warn the intruder of its 
error ; whereupon the latter immediately retreats in search of 
its own abode. So strong is this instinct against trespassing, 
that a crab will always undergo the risk of a fresh run for 
safety, rather than persevere in seeking concealment in the 
burrow of another. It is suggested that the benefit of this 
instinct is the avoidance of all ills, such as suffocation and 
blood-shed, which might result from overcrowding in the burrows. 
(Ann, Mag, Nat, Hist, [6], x. 336.) 

* The same author has closely watched the habits of the calling 
crab (Gelasimus annulipes), which is remarkable amongst other 
things for the enormous development and bright red colour of 
one of the claws in the male. Mr. Alcock has noticed a number 
of examples of this sex waving their large cbelse in the presence 
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of a female, and he concludes that their object in so doing is to 
make a display of their gaudy ornamentation, and by thus 
pleasing her eesthetic taste influence her choice of a mate. 
\Ann, Mag. Nat. Hist. [6], x. 415.) 

* W. Hardy has shown that the freedom of Daphnia from 
external parasites, a feature in which it contrasts forcibly with 
Cyclops, is to be attributed to the presence of a slimy film, which 
is secreted by the external layer of the skin and envelops the 
whole body. No such substance could be detected in Cyclops. 
(Jour. Phys.^ xiii. 309.) 

Insecta* 

Keller describes a new case of symbiosis between ants and 
acacias, the first authenticated instance in the old world, from 
Somaliland. An additional interest is lent to the tree by the fad. 
that the white swollen thorns inhabited by the ants are mimicked 
by the cocoons of a spider, which, like them, are evenly set in pairs 
on the branch. (^Zool. Anz., xv. 137.) 

Nicholas has made some experiments at Mont Ventoux on the 
retardation of the date of hatching in hymenoptera, produced by 
high altitudes. His results are sufficiently interesting to be 
reproduced : — 


At the height of 20 in?ircs. the retardation amounted to 0 days. 
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(C. It. Ass. Franc.^ li^91, pt. ii., 566.) 

Verhoeff has some interesting observations on the behaviour of 
the parasitic Hymenopteran Stelis to its host, an Osniia. The eggs 
of the two are laid at different ends of the cell ; when they have 
eaten their way through the food to each other, the parasite kills 
its ‘‘ host'’ and lives on it for tw^o days. {Zool. Anz.^ xv. 41.) 

Ferton has two interesting papers on the habits of hymenoptera ; 
the one on Osmise and their remarkable nidification : the other on 
Pompilidae and their murderous attacks on spiders. Like all 
papers which deal with detailed field-observation, it is impossible 
to present them in a publication of this kind, as their value 
depends entirely on the details for which we have no space. (Actes 
Soc. Linn. Bordeaux [5], iv. 201.) 

In a short description of Coccus cacti (the cochineal insect), 
Mayer shows that the wax secretion of the animal must pass through 
the layer of cbitin, since there are no pores for its emission. He 
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states that the same is the case in the honey-bee, as the result 
of his own investigations. . The observation is of interest in 
connection with cases where the products of digestion apparently 
pass through chitin. (Mittheil. zooL Sta. Neapel, x. 505.) 

Chatin has studied the formation of the integument in Libellulse, 
and is drawn to the conclusion that here — as has been main- 
tained in other cases — the epidermal cells actually transform 
themselves into chitinous lamellae, and do not secrete it as an 
ectoplastic structure. He can even trace the trabecular structure 
of the protoplasm in the chitin. {Comptea Rendus^ cxiv. 1135.) 

Werner records an “instinctive’' liabit on the part of Locustidse, 
which seems as hard to explain as the formerly reputed habit of 
scorpions of stinging themselves to death : namely, the habit of many 
genera to bite off their own legs, not only when kept in captivity, 
but at the moment of capture. {Zool. Anz,, xv. 58.) 

Kunckel d’Herculais maintains that the two tints of the locust, 
rose and yellow, are merely indicative of different ages, not of two 
varieties as generally supposed. The interest of his observation 
lies in his conclusions that the change of colour is associated 
with the histolysis and histogenesis which accompany the moults. 
The considerable dependence of their colour on the presence of 
light was also brought out by breeding some in darkness. He 
attributes the various tints, perhaps on insufficient evidence, to a 
zoonerythrin. {Comjytes Rendus^ cxiv, 240.) 

* W. H. Hudson records a new case of mimicry from La Plata on 
the part of a grasshopper (Rhoiiialea), which resembles a wasp 
(Pepris). This wasp is, like all its allies, protected by its sting ; but 
it is also furnished with stink glands, which emit a most disagree- 
able odour. When on the wing the grasshopper becomes the fac- 
simile of the wasp ; moreover, when taken in the hand, it has the 
curious habit of suddenly curling the body round, as a wasp does 
to sting. The same author has an interesting chapter on dragon- 
fly storms. In the summer and the autumn, thousands of these 
insects may be seen flying in a north-easterly direction at the 
extraordinary speed of 70 or 80 miles an hour, evidently in the 
utmost terror, before the patnpei'o, a cold, dry, exceedingly violent 
w’ind. {Naturalist in La Rlatay 127.) 

* W. Bateson states that the variation in the colour of the 
cocoons of the Lej)idoptera Eriogaster lanestris and Saturnia 
caspini, is not due, as has been affirmed, to the colour of the 
substances to which they are attached ; but that it probably 
depends upon the evacuation or retention of a brown fluid by the 
caterpillars before they spin. {Trans, Ent, Soc.^ London, 1892, 
45.) 
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Arachnida. 

* This author also maintains that the alleged aggressive mimicry 
of certain species of Bombus (Humble Bees) by the flies known < 
as Volucellae, is not quite so simple as has been hitherto assumed. 
For some of these flies are frequently found in the nests of bees 
or’ wasps which they do not resemble. {Nature, Ixvii. 585.) 

* About two-thirds of the zoological appendix to W. L. Distant's 
work oil the Transvaal is devoted to insects. Many new forms 
are described, and much of interest is to be found in the notes 
on the habits, etc , of living individuals. Curiously enough, six 
species of Coleoptera, seven of Lepidoptera, and three of 
Orthoptera, are also tolerably common English species. Mr. 
Distant mentions that the only enemy that the distasteful butter- 
fly, Danais chrysippus, appears to have is the Orthopterous insect, 
Hemisaga predatoria. 

Kiflliinouye confirms on embryological grounds the conclusion at 
which Lankester and Bourne arrived on evidence from the adult, 
that the lateral eyes of spiders are separated, enlarged, and modi- 
fied eye-elements (ommatidia) of a former compound eye of the 
ancestral history. {ZooL Anz,, xiv. 381.) 

In a preliminary note Strubell points out that the development 
of Thelyphonus bears more resemblance to that of Arachnida than 
to that of Scorpionidea. {Zool, Anz.y xv. 87.) 

* W. H. HudBon has made some interesting notes upon spider- 
life in La Plata. He states that green-leaved bushes are fre- 
quented by green Epeiras, and in connection with the well-known 
habit of many members of this tribe, of dropping to the ground 
from their webs when alarmed, he has noticed that these spiders 
fall at the same rate as green leaves. Other Epeiras, on the 
contrary, which are of a dull yellow colour, resembling dead 
leaves in hue, fall less rapidly than the green ones and at about 
the same rate as a withered leaf. Of a species of Tetragnatha, 
which abounds on the pampas and is found in bushes overhanging 
streams, he mentions that the long pair of legs are exceedingly 
thin throughout the greater part of their length, but are flattened 
and expanded at the extremity like an oar. When, as not un- 
frequently happens, one of these spiders falls into the stream, the 
function of these curious appendages becomes manifest, for the 
creature rapidly rows itself to land with them. (Naturalist in 
La Plata, 182.) 

* P. Oaubert, in an exhaustive paper on some points in the 
structure of the Arachnida, describes minutely certain cutaneous 
organs, termed lyriform, which are found in most of the orders of 
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this class. By an ingenious experiment he has shown that the 
function of these organs is probably to enable spiders, and by 
* analogy their allies, to appreciate changes of temperature. He 
placed a number of examples of a species of Lycosa in a bottle, 
after first covering with varnish the lyriform organs of some of 
them. The bottle was then placed in warm water, and those 
sj)iders that had been left untouched quickly showed by their 
behaviour that they perceived the increase in the warmth more 
quickly than those in which the organs had been smeared over. 
{Ann. Sci. Nat. Zool,^ xiii. 90.) 

* Michael has written an interesting paper on the association of 
Gamasidm (Mites) with ants. He states that species of Gama- 
sida3 which aie found in ants’ nests are not usually found else- 
where. The two kinds of animals live on friendly terms ; the 
ants even appear to protect the others, and the latter do not 
seemingly injure the ants or their young. The object of this strange 
association is unknown. (Proc. Zool. Soc.^ 1892, 638.) 

Nlollusca. 

Do Villepoix has made some simple experiments with regard to 
the formation of lime crystals in albuminous fluids, with a view to 
ascertaining the conditions under which the shells of molluscs are 
secreted. He regards the concbiolin as the only part of the shell 
formed directly by the secretory activity of the mantle, the calca- 
reous parts simply crystallising out from the mucus. {Meni. Soc. 
Biol [9], iv. 35.) 

Pruvot lias published an interesting note on the embryology of 
a Proneomenia. It agrees with his previous description of that of 
Dondersia, and shows more resemblance to the development of a 
lower annelid, c.gr., a leech, than to that of Mollusca. He com- 
pares it further in some points to the pilidium larva of Nemer- 
tines. {Comptes Rendus, cxiv. 1211.) 

Korschelt investigated the development of Dreissena with the 
view of ascertaining the character of the larva. As he expected, 
it is a free swimming larva, closely resembling that of the oyster 
and other marine lamellibranchs, but different from the highly 
modified larvae of the Unionidae, etc. The retention of this larva 
he attributes to the recent date at which Dreissena has migrated 
from the sea. {Sitzungaber. Nat. Freunde Berlin.^ 1891, 131.) 

Von Erlanger has studied the renal organs in Prosobranchs, and 
concludes that Trochus, Turbo, and Haliotis have only a left reno- 
pericardial opening, while five others, including Patella (in which, 
it was' for the first time described), have none. He infers that 
the only remaining kidney of most Prosobranchs is the original 
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left kidney of tKe primitive pair. He discusses also the relations 
of the kidney in other forms. (Quart Journ, Micr, ASci., xxxiii. 
587.) 

Lacaze Duthiers has placed on record {Arch. Zool. exp. f/M. (2), 
X. 37) some •« ery interesting observations on an Argonaiita living in 
the aquarium at Banyuls. When first placed in the tank it had 
abandoned its shell ; it soon resumed this, and took up the 
position which it permanently maintained till its death. This was 
by no means the conventional and poetical position familiar in 
popular text books, with the mouth of the shell above water, and 
the arms expanded to serve as sails ; the mouth of the shell is 
directed forward, the arms are turned backwards so as to exposes 
the mouth, and all of them are tucked into the shell with the 
exception of the two posterior. In this position the animal floats, 
wdth only a small portion of the shell appearing above the surface 
of the water. In swimming by the usual contraction of tlio 
j)allial sac the arms are not allowed to swing forwards, as is 
always the case in Octopus, Eledone, etc. They were never used 
for walking, nor were the two posterior veligerous arms useil 
either for sailing or swimming. Small fish made to touch the 
suckers of an arm, were passed down it, and into the mouth. 

Joubin has an interesting pjiper on the often-discussed cliroma- 
tophores of Cephalopoda {Arch. Zool. exp. geii. [2], x. 277). They 
arise from the ectodermal invagination of a large cell ; this 
becomes cut off from the ectoderm, and surrounded by mesod('rm* 
cells and a connective tissue capsule. These mesoderm cells 
elongate into muscle fibres, which have the power of moving the 
whole chromatophore, but take no part in its expansion. Later in 
life they lose their contractility altogether ; the changes of colour 
are due to the movement of the protoplasm of the chromatic cells, 
combined with the effects given by iridiocytes. 

On the other hand, Pbisaliz, approaching the matter from tlie 
physiological side, concludes that the exj)ansion of the chromato- 
phore is dependent purely on the radial muscles. {Comptea 
Rendiis, cxiii. 510.) 

Hemieliordata. 

T. H. Morgan has re-.studied some points in the anatomy of 
Tornaria, and pronounces in favour of the double alliance of 
Balanoglossus to Echinoderms and Vertebrates, on the grounds 
of the similarity between Tornaria and Auricularia, which he 
discusses in detail. {Journ. Morph.^ v. 407.) 

Fowlor shows that in the arrangement of the five body 
cavities and notochord, Rhabdopleura agrees with the Hemi- 
chordata. (Proc, Jtoy. Soc.^ Hi. 132.) 
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Tunicala* 

Development of the nervous system . — The derivation of 
tl)e - nervous system in asexually budded Ascidiaris has in 
some cases been doubtfully assigned to the mesoderm, a 
violation of what is in all probability a general law, that it 
arises from the ectoderm. In his third paper on the em- 
bryonal development of Pyrosoma, Salensky shows that here at 
least it arises from ectoderm, both in the case of the cyathozooid, 
the rudimentary sexually-produced zooids, and in that of the 
ascidiozooids, the complete zooids which are budded from the 
cyathozooid. The characteristic ciliated pit of the cyathozooid is 
derived from this ectodermal nerve-layer ; in the ascidiozooids two 
such structures are formed, one a provisional structure, from the 
nerve-layer, the other apparently from the endodermal intestinal 
cavity. {Cf Pizon infra.) He describes in the ascidiozooids 
two tentacle-like sense-organs resembling those described by 
Bolles Lee last year. (“Year-Book,” 1891, p. 354.) The remarkable 
larval organ termed by Huxley the diapharyngeal band, a 
tube connecting the upper and lower blood sinus, running 
diagonally from nervous system to endostyle, is regarded by 
Salensky as homologous with, and i)robably indicative of 
the phylogenetic liistory of the tubular gill of Salpidac, a 
structure W'hich is otherwise without parallel among Ascidians. 
In summing the results of this and the previous paper (loc. 
cit.\ he concludes that the possession of a single ovum in 
the ovary of Salpa and Pyrosoma is derived from the “ polyovu- 
lar ” [sic] condition of other Ascidians ; but the kalymmocy tes 
and follicle cells are to be regarded as abortive ova. The paper 
concludes by a criticism of Seeliger’s theory of the origin of alterna- 
tions of generations in Ascidians. The author is himself of opinion, 
as before, that metagenesis was rendered possible in the first 
instance by the capacity of the same individual to reproduce both 
sexually and asexually as in the Synascidians, that the “ amme ” 
or asexual generation was the result of premature budding before 
sexual maturity was reached, that the essentially sexual genem- 
tion was at first capable also of budding (Pyrosoma), and finally 
lost this power (Salpa). {Zool. Jahrhiichery v. 1.) 

Piion, after a comparative study of the development of the 
ciliated pit in many Ascidians, concludes that it develops from 
endoderm, and cannot therefore be homologous with the hypo- 
physis cerebri as suggested by Van Beneden and Julin. (Comptes 
RenduSy cxiv. 237.) 

On the other hand, Hjort working on Botryllus, and Willey 
on Ciona and Olavelina, alike conclude that hypophysis and 
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permanent cerebral ganglion have a common ectodermal origin, the 
former opening into the stomodaeum as a wide tube, on the roof 
of which the latter is formed as a thickening. {Zool. Anz,^ xv. 
328, 332.) 

Development of the vertebrate eye , — Butsi^ publishes an 
interesting preliminary note on the eyes of Salpae. In its 
simplest form the salpid eye is of the usual invertebrate 
type, seated on the brain as a cone of vertical retinal 
cells flanked by pigment cells. The more complicated eye is 
tripartite, and its arrangement is of considerable interest. The 
central part of the three is of the simple character just described ; 
in the lateral parts, however, the retinal cells are horizontal, 
the nerve-fibres proximal ; the pigment cells being still distal, 
i.e., lateral, a kind of inverted or vertebrate eye is the result. 
The author naturally draws a comparison between these three, 
and the three eyes of Vertebrata, and points out that if the 
former have any ancestral relation to the latter, an explanation 
of the choroidal fissure is furnished by the position of the optic 
nerve. {ZooL Anz,, xv. 349.) 

A new AscicUan, — Korotneff describes under the name of 
Dolcliinia a remarkable new Ascidian from Naples, a close ally 
of the interesting forms Doliolum and Anchinia. The specimens 
consisted of a gelatinous tube living and even moving, on which 
were irregularly implanted by ‘‘ pseudopodia large numbers of 
the zooids proper. The tube he regards as the dorsal appendage 
of a hitherto unknown nurse ” form, on to which the buds 
have wandered as in Doliolum. Of the buds themselves two 
kinds were recognisable, the one a fully-developed asexual zQoid, 
corresponding both to the “spoon-buds'^ and “nutritive-buds" of 
Doliolum ; the other, the sexual zooid, produced by gemmation 
from the former. Of the three genera, the life-history appears 
to be least complicated in Dolchinia, most so in Anchinia ; the 
degree of complication being probably of phylogenetic value. 
{Mitth, zool. Sta, Neapel^ x. 187.) 

VERTEBRATA, 

Development of strueturea. 

In the seventeenth paper of the studies on vertebrates, Dohm 
traces the histogenesis of certain nerves, and shows that the 
whole nerve — stem, branches, and twigs — splits off from ectoderm ; 
further, that the ganglion cells take no part in the formation of 
nerve-fibres, but that their so-called prolongations are only in 
secondary contact with them. He has also traced the development 
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of nerve-fibres from ectoderm cells, and watched them 
arrange themselves in a string ; the axis cylinder is deposited in 
the centre of the cell, the plasma gives rise to the medullary 
sheath, the nucleus of the cell becomes the Schwann^s nucleus of 
the fibre. {Mitth, zooL Sta. Neapel^ x. 255.) 

Dohrn, however, practically withdraws tliis (AnaL Anz,, 1892, 
12), but it is maintained by Beard, in the same journal. Von 
KoUiker, as against both of them, maintains a series of theses to 
show that all nerve-fibres are outgrowths of nerve-cells in 
accordance with the older view. {Verli, AnaL Ges., vii 76.) 

Ayers publishes an exhaustive paper on the Vertebrate ear. 
He regards it as a complex system of superficial sense organs and 
“ mucous ” canals, such as occur in the lateral line, which has 
sunk below the surface of the head. The auditory nerve is not 
of segmental value : nerves vii. and ix., the nerves of the 
permanently superficial sense organs in this region, participate in 
the nerve supply of the deeper ones. (Journ, Morph.^ vi. 1.) 

Rabl, than whom no one is more qualified to speak on the 
matter, after summarising at great length the views of various 
authors on the subject, Irom Huxley’s Hunterian Lectures of 
1869 to the most recent memoirs, concludes that neither from the 
mesodermal nor from the nervous standpoints is it possible to 
arrive at a clear appreciation of the metamerisation of the 
Vertebrate head, the study of which has absorbed so many 
workers, especially of late years. {Verh, anat, Ges,, vii. 104.) 

Assheton has some interesting observations on the develop- 
ment of the optic nerve in Vertebrates. He shows that its 
fibres arise along the posterior border of the optic stalk completely 
outside it, from nerve-cells of the retina. His views of the 
choroidal fissure are in a curious unconscious agreement with those 
quoted above from Butschli (p. 360) relative to the lateral eyes 
of some Salps. {Quart Joum, Micr, Sci,, xxxiv. 85.) 

RetziuB describes and figures not less than nine variations in 
the posterior termination of the nerve-cord of Amphioxus; of 
these all but one are swollen and contain a large ventricle, and 
one exhibits, in addition, a prolongation running downwards over 
the notochord, which appears to represent tlie traces of the 
embryonic neurenteric canal. (Biol, For, FdrhcU,^ iv. 10.) 

Sedgwick, in writing of elasmobranch development, records 
some important conclusions. He shows that the blastopore is a 
much larger structure than has been supposed, not only including 
the genei*ally accepted part which becomes convert^ into the 
neurenteric canal, but also extending as an S-shaped streak under 
the tail fold find backwards to the yolk-blastopore, which is really 
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a part of it. On his view that the first formed embryonic rim 
represented the anterior end of the embryo, the blastopore does at 
one time or another perforate the whole length of the medullary 
plate. Bead in connection with Hertwig’s paper (see below), Lis 
account of the formation of the blastopore is extiemely sug- 
gestive. The mouth arises as a longitudinal slit, and though in 
no vertebrate has the mouth been actually traced into connection 
with the blastopore, he adds this to the evidence which he has 
previously brought forward foi: the view that it is derived from 
the anterior part of the blastoj)orc. It is noteworthy, in view of 
the numerous attempts to discover from different sides the 
“ primitive ” segmentation of the vertebrate head, that he points 
out tliat if the number of primitive cranial somites in any given 
region of the head does really differ in closely allied genera in the 
manner indicated by the divergent observations of Dohrn, Van 
Wijhe, and himself, the supposed indications of segmentation in 
the adult have little value as “ primitive tests. He finds in 
Elasmobranchs as in Peripatus a continuity of the cells, a pale 
protoplasmic network extending inwards from the nucleated 
proto})lasm of the various surfaces ; and inclines to Hensen\s view 
of the ontogeny of nerve-fibres, namely, that they are persistent 
remains of these primitive connections between the incompletely 
separated cells of the ovum. {Quart. Jour. Micr. Sci.j xxxiii. 
559.) 

In discussing the systematic value of the auditory organs of 
Teleostei, Von Jhering complains that the Darwinian theory is 
utterly inadequate to explain the enormous variations exhibited 
by the otoliths both in size and in weight relative to body-weight, 
when their alterations in form are sufficiently constant to be 
used for systematic classification. He neglects, however, alto- 
gether the other point of view from which such variations may be 
regarded, viz., that it is just these variations which constitute 
the material with which natural selection works ; were they less 
marked its operations would be infinitely slower. {Zeit. wiss. 
Zool, Hi. 477.) 

O. Hertwig finds that in over-ripe eggs of Rana a segmentation 
at the animal pole may occur, while the vegetative pole remains 
as an unsegmented yolk-mass — the segmentation thus resembling 
that of a bird’s egg, telolecithal and mesoblastic. The author 
attributes this result to polyspermy, the entrance of several 
spermatozoa into the ovum and their fusion with its nucleus. 
More important are abnormalities in the gastrulation process, 
which fall under three groups. The first group produces a larva, 
which may be best conceived by imagining that a normal larva at 
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the stage when the medullary groove should be still open is split 
along the whole length of the medullary plate, so as to let the 
yolk protrude in a hump. It has mesoderm and protovertebrae, 
and a notochord on each side under one half of the medullary 
plate. As these medullary halves are connected at each end of 
the split, there is really a medullary ring encircling a widely-open 
blastopore. Hertwig regards this as an original condition, explain- 
ing the relation of blastopore to nervous system ; and it is interest- 
ing in the light of the views of Sedgwick and others as to the 
primitive relations of the blastopore. Three other groups of cases 
contain older larvie with a similar widoly-open blastopore i li- 
the dorsal or the anal region. Hertwig gives in his adhesion to 
the “ concrescence ” theory of the vertebrate embryo first laid 
down by His, the idea of a double growth of two symmetrical 
parts. The annular condition of the nervous system, the 
annulus broken only at the position of the anus, he regards as 
primitive. The blastopore is a cavity, primarily formed by 
invagination, giving origin to alimentary canal and body cavity 
(enterocoele), surrounded by this nerve-ring, which gradually 
closes along the whole length of the embryo except at the anus ; 
along its line of suture is formed the notochord. As regards the 
blastopore in Amniota, he retains the old idea that it is repre- 
sented by the primitive groove. The blastopore appears in 
teratology as spina bifida.’' The paper is of great length, and 
only a few of the author’s (apparently) more striking conclusions 
are here given. Against his idea that these monstrosities are the 
result of polyspermy, may be urged the observations of Oppel 
(“ Year-Book ” for 1891, 338), and of Riickert (see above, p. 345). 
{Arch, mikr, Anat.^ xxxix. 353.) 

Jordan and Eycleshymer record briefly a number of variations 
which may occur in the early segmentation of the Frog’s ovum, 
which appear to jioint to much the same conclusions as those of 
Driesch. {Anat, Anz,^ vii. 622.) 

MacBride, in studying the development of the oviduct in the 
frog, finds that it arises primarily opposite the third funnel of 
the head-kidney, and in connection with, perhaps by proliferation 
of, a strip of peritoneum along its whole length, and is quite 
independent of the Wolffian duct. He believes, as others lately 
have concluded, that the oviduct is a product of the peritoneum, 
and bears no relation to the Wolflfian duct. {Quart, Jour, Mici\ 
Sci, xxxiii. 273.) 

Against Knauthe’s observations, recorded last year (“ Year- 
Book ” for 1891, 358), MWer-Ersbach recapitulates the conclusions 
which he published in 18.72, showing that frogs can be absolutely 
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frozen hard (—6® to —8*7® C.) for five hours and can yet recover. 
(ZooL Anz,^ xiv. 383.) 

Bataillon has made some physiological researches on the 
metamorphosis of the Anura. At the commencement of the 
process the elimination of carbon dioxide is reduced and it 
accumulates in the blood ; during the metamorphosis an enormous 
quantity of sugar is produced in the blood without there being 
any trace of glycogen in the liver. These two points remind the 
author of the glykaemia of asphyxiation, and he even defines the 
metamorphosis as an assemblage of the phenomena of asphyxiation. 
{Ann. Univ. Lyon.^ ii. 1.) 

Robinson publishes an important contribution to the early 
developmental, history of Mammalia, especially as regards the 
inversion ” of the layera. He deals with rat and mouse as being 
easily procured and manipulated. The segmentation produces an 
embryo with large segmentation cavity, the distal floor of which is 
thick and destined to form the hypoblast, and of the thin proximal 
roof a portion gives rise to the embryonic epiblast. The archen- 
teron (yolk sac) is excavated in this hypoblastic floor; part of 
the epiblastic roof is invaginated as a hollow vesicle into the 
segmentation cavity, which it obliterates, and is cut oflf from the 
remaining epiblast ; it finally pushes the proximal wall of the 
archenteron before it so as to be nearly surrounded by it : the 
external layer of epiblast grows down over, but never completely 
covei*s, the hypoblast. Tlie solid mass of epiblast above (proximal 
to) the epiblastic vesicle is the trophoblast, and at the point where 
these two regions adjoin, viz., the cephalic end of the embryo, 
the raesoblast makes its first appearance. — The paper contains 
interesting detailed comparisons between the forms studied and 
other Mammalia. {Qtmrt. Journ. Micr, Sci., xxxiii. 369.) 

Haycraft has worked at the development of the Chelonian 
carapace, and concludes that the much-discussed costal plates are 
truly rib-expansions, ossification spreading outwards from the rib. 
(7V. Roy. Soc. JEdin., xxxvi. 335.) 

Robertson l)elieves that the long process of an odontoblast 
becomes continuous with the axis cylinder of a nerve-fibre, but his 
figures can hardly be said to place the point beyond the reach of 
doubt. In investigating the growth of teeth, the author concludes 
that increase in length occurs by the addition of new dentine 
below ; increase in diameter by dilatation of the basal formative 
ring of odontoblasts, by deposit of fresh dentine on the inner 
surface, and to a small extent by interstitial growth. (TV. Roy. 
Soc. JSdin.y xxxvi. 321.) 

Blanc records a remarkable case of hermaphroditism in a goat 



ZOOLOGY AND COMPARATIVE ANATOMY. 


365 


The animal was a complete male of 6-7 months, with the addition 
of a well-developed uterus, etc. ; the upper end of the fallopian 
tube was in contact with the epididymis. {Ann, Soc, Linn. Lyon,^ 
xxxviii. 59.), 

Duval concludes this year his long series of papers on the 
placenta of Rodents. His work lias led him to the belief, which 
appears likely to be justified in other groups than Rodents, that 
the placenta is an entirely fresh formation produced exclusively 
by growth of the embryonic ectoderm. {Jour, Anal, Physiol, , 
[Paris], xxviii. 333.) 

MammaU.* 

An important addition to our knowledge of the distribution of 
the mammals of North America is made by C. H. Merriam, who 
shows that the continent can be divided into four parallel zones 
— the Boreal, the Transition, the Sonoran, and the Tropical — each 
distinguished by a more or less characteristic assemblage of 
mammals. It is considered that the glacial period has been a 
very important factor in distribution ; the author suggesting that 
even llamas may have been originally northern forms driven 
as far south as the Andes by the cold. (Proc. Biol, Soc, 
Wnshington^ vii. 1 — 64.) 

The individual variations of teeth among mammals are dis- 
cussed by W. Bateson, who is of opinion that the accepted views 
of dental homology are not altogether tenable. He clearly 
proves, from the instance of a seal, that an originally single 
tooth may by division give rise to two distinct teeth. {Proc, 
Zool, Soc,, 1892, 102—115.) 

The subject of the origin of mammalian teeth continues to 
occupy the investigations of W. Kukentkal, who is now especially 
studying those of whales and marsupials. His conclusions indi- 
cate that both gix)ups originally had a milk and a permanent 
series ; and that in the marsupials it is the latter which mainly 
persists. {Jenish Zeitschr, Nat., xxv. 449, and Biol. Centralbl., 
xiii. 400.) 

C. B6se also deals with the same subject, showing that there 
are rudiments of teeth in foetal Pangolins — a group in which 
teeth have hitherto been considered entirely wanting. (Biol. 
Centralbl., xii. 624, and Anat. Anz., vii. 618.) 

Among faunistic works O. Thomas describes several new 
mammals recently obtained from the East Indian Archipelago ; 
the most interesting of these being a second species of the 

♦ Tlie following sections are by R. Lydekker. 
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Viverrine geuus Hemigale, previously known only by H. hard- 
wickei. (Ann. Mag. Nat. Hist [6], ix. 250, and Proc. Zool. 
Soc.y 1892, 221, pis. xviiL, xix.) 

An important memoir on the mammals of East Africa is 
contributed by F. W. True, with a complete list of all the known 
species. Some new rodents are described, and figures given of 
the recently discovered fringe-eared Oryx, and of a rare antelope 
of the genus Cephalophus. (Proc. U. S. Nat, Mns.y xv. 445, 
pis. Ixxv. — Ixxx.) 

F. E. Beddard contrasts the muscular systems of the two 
species of Chimpanzee, with remarks on their distinctive char- 
acters, and also some observations on the species of Orangs. 
(Proc. Zool. Soc., 1892, 118.) 

An especial feature of the year has been the number of new 
species of monkeys described — viz., a Gibbon from Hainan, three 
species of Semnopithecus, and two of Cercopithecus ; the two 
latter from East Africa.. 

The bats of Lagoa Santa, Brazil, are described by H. Winge in 
an elaborate monograph, unfortunately in Danish. The fossil 
cave-forms are compared with those still living, and a new scheme 
of classification, together with certain emendations in nomencla- 
ture propounded. (Ex Mus. Lund., iii., G5 pp., 2 pis.) 

Among the Insectivores, 0. Thomas calls attention to the 
afiinities of the little-known hedgehog-like genus Echinops ; while 
lie also shows that the allied Centetes, of Madagascar, exhibits, 
when fully adult, the marsupial feature of having four true molar 
teeth. It is further suggested that the affinity between the 
latter animal and the West Indian genus Solenodon is much less 
intimate than has been hitherto supposed. (Proc, Zool. Soc., 1892, 
500.) 

The life-history of the Canadian beaver, together with the 
history of its discovery, its importance in commerce, and its 
impending extermination, are carefully described by H. T. Martin 
in ‘‘ Castorologia, the History and Traditions of the Canadian 
Beaver” (London and Montreal, 1892, 8vo, 238 pp., illustrated). 

The mole-rat (Spalax typhlus), hitherto known only from 
eastern Europe and Asia, is recorded by J. Anderson, together 
with observations on its habits, from Egypt. (Proc. Zool, Soc.^ 
1892, 472.) 

The presence of a rudimental tooth in front of each jaw in 
the rabbit is confii nieJ by Fruend, by whom it is regarded as a 
reduced milk-tooth. (Arch. Mikr. Anat., xxix. 525, 2 pis.) 

A revision of the whole group of Hy races is made by 0, Thomas, 
who concludes that both the ordinary terrestrial forms and the 
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arboreal species (Dendrohyrax) must be included in a single 
genus — Procavia, Altogether fourteen species are recognised. 
\Proc,Zool, Soc.y 1892, 50, pi. iii.) 

That existing horses occasionally display polydactylisin is 
fully proved in a paper by 0. C. Marsh, where several examples 
with supernumerary digits are figured. It is inferred that these 
extra toes indicate reversion to an ancestral type. (Ainer. Jour. 
Science [3], xliii. 339.) 

The alleged existence of horses in La Plata at the time of 
the discovery of America is controverted by F. L, Trouessart. 
{Scieyice^ xx. 127.) 

During the year several new species of African antelopes have 
been described ; the most notable of these being two hartebeests, 
Bubalis swaynei from Somaliland (Proc. Zool. Soc., 1892, 98), 
and B. jacksoni from East Africa (Anii. Mag. Nat. Hist. [6], x. 
386) ; the hairy-eared Oryx — Oryx callotis from East Africa {Proc. 
Zool. Soc., 1892, 195) ; and Cephalophus jentinki from Liberia 
(ibid., 417). 

The value of the antlers in the classification of the deer is 
discussed by A, O. Cameron, who proves that these appendages of 
the deer of the New World cannot be homologised with those of 
Old World types. (Field, Ixxix. 625, 741, 860.) 

W, T, Blanford adduces evidence to show that there are no 
really wild camels in Central Asia. (Proc. Zool. Soc., 1892, 
370.) 

The discovery of a dolj)hin believed to be herbivorous in the 
Cainerun district is recorded by W. Eukenthal, who refers it to a 
new species of the genus Sotalia. (Zool. Jahrh. vi. 442, 446.) 

Edentates are remarkable for the absence of enamel in their 
teeth, but it is shown by E. Ballowitz that this is due to degrada- 
tion ; an enamel-organ being present in the embryos of cei*tain 
armadillos. (Arch. Mikr. Anat., xl. 133, pis. vi., vii.) 

That the Marsupial mole (Notoryctes typhlops), first fully 
described in 1891, is an undoubted Polyprotodont Marsupial, is 
pix)ved by a dissection undertaken by H, Qadow (Proc. Zool. Soc., 
1892, 361.) 

The large Mammals of Soutli Africa, together with the game- 
birds, are described by J. A, NicoUs and W. Eglington, with figures 
of the heads of many, and notes on their distribution and habits. 
(The Sportsman in South Africa, London, 1892, 8vo, 147 pp. 
and pis.) 

Birds. 

In this extensive subject all that can be done in the space 
which can be allotted to the subject in this volume is to notice a 
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few of the more important works and papers which have ap- 
peared during the year. 

The classification of birds receives attention from H. Gadow, 
who propounds a scheme differing in some respects from any of 
those hitherto published. They are divided into the sub-classes 
Archornithes and Neornithes ; the first containing only Archae- 
opteryx, and the latter all the rest. IProc. ZooL Soc., 1892, 
229.) 

The most important ornithological works of the year are the 
xvi^^ and xvii^^ vols. of the “ British Museum Catalogue of 
Birds,” both of these treating of the Picariae. Vol. xvi., by 
0. Salvin and E. Hartert, includes the Upupae, the Trochili, and part 
of the Coraciae ; while vol. xvii., by R. B. Sharpe and W. B. 0. Grant, 
is devoted to the remaining Coraciae and the Halcyones. 

“ The Migration of Birds ’’ forms the title of a work by 
C. Dixon, in which this subject is treated from all its aspects. 
(London, 1892, 8vo, pp. 300.) 

A. B. Meyer and F. Helm continue their observations on the 
times of arrival, date of nesting, etc., of the birds of Saxony, with 
the full distribution of the various species, (vi. Jahreshbericht 
des OrnithoL Beohachtungstaiionm im Konigreiche Sachsen^ Berlin, 
1892, 4to, 135 pp.) 

The periods occupied by different birds in nidification receive 
attention from W. Evans. {Ibis, [6], v. 55.) 

The breeding-habits of the cuckoo and other parasitic birds 
are treated of by E. Baldamus. Das Leben der europaischen 
Kuckuke,” Berlin, 1892, 224 pp.) 

British birds, as a whole, are figured and made easy of 
identification by W. J. Gordon (‘‘Our Country's Birds,” London, 
1892, 12mo, 152 pp. and plates). Those of the North of 
England are described by H. A Maepherson (“ Fauna of Lakeland,” 
Edinburgh, 1892, 8vo, 552 pp., illustrated) ; those of Gloucester 
by C. A Witchell and W. B. Stmgnell (“ Fauna and Flora of 
Gloucestershire,” Stroud, 1892, 8vo, 301 pp., illustrated) ; those 
of Devonshire by W. S. M. Durban and M. A Matthew (“ Birds of 
Devon,” London, 1892, 8vo, 459 pp., illustrated) ; those of 
Lancashire by H. Saimders (Mitchell's “ Birds of Lancashire,” 
Second Edition, London, 1892, 8vo, 271 pp., illustrated) ; and 
those of part of North Britain by J. A Harvie-Brown and T. E. 
Bndkley (“ A Vertebrate Fauna of Argyll and the Inner 
Hebiides,” Edinburgh, 1892, 8vo, 252 pp., illustrated). 

B. Collett has an important memoir on the birds of Arctic 
Norway. (“ Address to Ornithological Congress ” in Report of 
the Congress, Budapest, 1892, 4 to.) 
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!rhe distribution and habits of the birds of the Moscow 
district are described by T. Lorens. (^BulL Soc, Mosc.^ 1892, 
► 263.) 

T. Salvador! records twenty-three species from Enyaro, near 
Sumatra, of which eight are new (Ann. Mur. Genoa [2], xii. 
123); while R. B. Sharpe describes a number of species recently 
obtained from Borneo. (Ibis. [6], v. 430, plates.) 

Turning to Africa, E. B. Sharpe gives an account of the birds 
of Uganda, many of which are new (Ibid., 152, 299, 634, 
pis. iv., V.) ; E. Reichenow describes new forms from the Nyanza 
(Journ. f Ornithol., 1892, 1) and the Cameroons (Ibid., 177) ; 
while W. L. Distant has notes on the habits of those of the 
Transvaal (“ A Naturalist in the Transvaal,** London, 1892, 8vo, 
277 pp.). 

C. Bendire's account of the life-histories of North American 
birds treats of the habits, eggs, etc., of the game-birds, pigeons, 
owls, and birds of prey. (Smithson. Contrib. Knowl., xxviii., 414 
pp., 12 plates.) 

The description of the birds of Central America is continued 
by F. du C. Godman and 0. Salvin. (Biologia Centrali- Americana, 
xcvii.-civ., plates, 4to, London, 1892.) 

In South American birds, J. C. Kerr describes those of the 
Lower Pilcomuyo — a tributary of the Rio Paraguay — adding 
twenty-nine species to the Argentine fauna (Ibis [6], v. 120, 
pi. iii.); W. H. Hudson has notes on the habits of those of the 
Argentine The Naturalist in La Plata,” London, 1892, 8vo) ; 
E. Whymper shows that the accepted view of the habits of the 
Condor is incorrect (“ Travels amongst the Great Andes,** 1892, 
8vo); and R. Ridgway gives an account of all the humming- 
birds. (Re^. U.S. Nat. Mus. for 1890, 253 [1892].) 

8. B. Wilson and A. H. Evan continue their monograph of the 
birds of the Sandwich Islands. Aves Hawaiiensis,** iii., 
London, 1892, 4to.) 

R. W. ShnfeldVs monograph of the osteology of the Arctic and 
Subarctic water-birds is also continued. (Journ. Anat. Phys., 
XXV., 509 et seq.) 

Reptiles^ amphibians) and fishes. 

In all these three classes the work of the year appears to be 
mainly of a descriptive or faunistic nature, and offers little of 
general interest. 

E. D. Cope's description of the osteology of the Lizards is, how- 
ever, a contribution to a bmnch of the science which has been too 
much neglected. (Proc. Amer. Phil. Soc., xxx. 186.) 

The remarkable habit of ejecting blood from their eyes, 
Y 
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possessed by tlie American horned toads {Phrynosoma)^ is fully 
described by O. P. Hay, and is believed to be for the purpose of 
defence. {Proc. U,S. Nat Mus,^ xv. 375.) 

The structure, form, and development of the tadpoles of the 
various European Batrachians form the subject of a paper by 
O. A. Boulenger, covering almost entirely new ground. {Proc, 
ZooL Soc, for 1891, 593, pis. xlv.-xlvii., 1892.) 

An interesting note on the habits of the Australian lung-fish 
is given by W. B. Spenser, in which it is suggested that the fish 
may respire by its lung when the rivers are in flood and their 
waters foul through mud. {Proc, Roy, Soc, Viet,, iv. 82.) 

A. Smith Woodward shows that certain herrings inhabiting the 
livers of New South Wales are generically identical with the 
Tertiary and Cretaceous fishes described as DiplomysUiS, and 
hitherto regarded as belonging to an extinct genus. {Ann, Mag, 
Nat, Hist, [6], X. 413.) 


ANIMAL PHYSIOLOGY AND PATHOLOGY. 

By C, S. SHERRINGTON, M.A., M.D. 

General physiology. 

Verwom has now set himself the task of experimentally investi- 
gating the functions of the nucleus of the animal cell. The 
method he used is one which has already been employed by him, 
the only one which gives exact and thoroughly trustworthy 
results in operative jdiysiology when it is a question of investi- 
gating the function of an organ. 

Protozoa were the exclusive objects of the research. With 
scissors they were so divided that their bodies were cut into a 
piece with a nucleus and a piece without a nucleus. The latter 
form the chief object of the investigation. The animals which 
were employed for observation were certain Eadiolaria, and a 
particular Infusorium. The representatives of the Eadiolaria 
exhibit especially favourable facilities as objects of research ; their 
bodies, as is well known, consist of Ectoplasm and Endoplasm, 
and conceal the so-called central capsule. Outside this the 
j)lasma is differentiated into a sheet of vacuoles and into a sheet 
of slime, while the nucleus is enclosed in the plasm contained in 
the capsule. By cutting or pricking into the sheet of slime and 
^heet of vacuoles, certain pieces are found which contain a nucleus, 
and other pieces containing no nucleus. Observation of the parts 
without either capsule or nucleus shows that after recovery from 
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the operation they again soon take a normal individual form, 
pushing out pseudopodia, by means of which they even bring 
themselves food, though they are not able to digest it. The 
final fate of such bits is always degeneration, which, however, 
can be postponed by introducing a central capsule from with- 
out. On the other hand, isolated central capsules regenerate 
into perfect animals that do not in any way differ from the 
normal. The regeneration occurs in the following manner: — 
Pseudopodia are first extended through the pores of the central 
capsule, then the outside wrapper or mucous layer, and at the 
very last the layer containing vacuoles, by means of which they 
become again enabled to float upon the surface of the water. 

The author^s account of the formation of vacuoles is of 
much interest. They originate by little particles of water 
passing into the interior of the mucous layer. Since, however, 
the salts which exist in sea-water are not taken up with the 
water containing them, the otherwise specifically heavier animals 
can float in sea water. The experiments further show that a 
central capsule without a nucleus, just like the wrapper or layer 
outside a capsule, cannot apparently maintain a normal condition, 
but likewise dies. This same thing is ascertained for portions of 
the intra-capsular part which has no nucleus. The experiments 
exemplify the correctness of the broad rule, that the degeneration 
phenomena of masses of protoplasm witliout a nucleus are perfectly 
identical with those in an intact or normal animal ; and that 
plasma which is at the point of death or decay is preserved 
through mixing (before degeneration) with fresh plasma which 
contains a nucleus. Verworn does not rest this fact merely on 
experiments made upon Radiolaria — e.^., on Thalassicolla, but 
also on Foraminifera, as Orbitolites. He also further studies 
very thoroughly in the latter the formation of pseudopodia, and 
what effect stimulation had upon them. He also studies the 
respiration of those portions of Protista which were without a 
nucleus. The result is that the parts without a nucleus, as much 
as those which contain a nucleus, require oxygen for their 
sustenance, and that without it they die in a very short time. 
In the theoretical part of the work the author gives a short 
objective survey of the views of earlier authors on the significance 
of the nuclei in cells, before he undertakes, on the basis of the 
above facts, to put forward his own view, which not only entirely 
agrees with the facts but also is the natural outcome from them. 

Out of the knowledge gained we see that neither the nucleus 
by itself alone, nor the plasma without a nucleu|B, can continue to 
live or support themselves. From this it is clear that the nucleus 
Y 2 
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must always play an extremely important part in the activity of 
the cell, not merely because this is shown by the morphological 
works of Korschelt and Haberlandt, but also by the trustworthy • 
experiments above alluded to. For the plasma deprived of a 
nucleus shows a falling off of assimilation and dissimilation ; on 
the other hand, by introducing a nucleus into plasma which 
previously contained no nucleus it can be excited to normal 
activity. It is a question of correlation between cell nucleus and 
cell plasma : both are concerned in the metabolism of the whole 
cell. The author seeks to make this knowledge clear through a 
scheme which we are already acquainted with from his psycho- 
physiological studies of Protista. The influence on the activity 
of the nucleus rests on its correlation to the metabolism of the 
protoplasm. (Pjliiger^s Archy li. 1.) 

£. Waymouth Reid has continued his experiments on the 
process of diffusion on the skin of frogs with a new apparatus, 
and has arrived at the following results : — That in the skin of 
frogs there is a true absorption process which is brought about 
after complete exclusion of osmotic influences. It appears that 
the still living skin taken from the freshly killed animal allows 
fluid to pass from the outer to the inner surface ; this is a specific 
action of the living tissue. Possible mistakes, owing to capillary 
action, endosmosis, and such like, have been, as shown by special 
experiments, completely excluded by the author. {Brit, Med, 
Jour,y 13th February, 1892.) 

The blood and circulation. 

KoIobsow has examined the structure of the endothelial cells of 
the blood and lymph-vessels by means of a method which serves 
at once to fix and stain preparations required for inspection under 
the microscope. The author examines the endothelium of 
numerous representatives of all classes of vertebrate animals, and 
shows that the cells are of an extremely complicated character. 

They consist of a protoplasmic part, which contains an 
eccentric nucleus ; this part unites with the corresponding 
portions of neighbouring cells. Extremely thin “ surface sheets ” 
cover the free surface of the protoplasmic part, but in such a 
manner as to make the latter extend beyond the edges and form 
a continuous whole. The ^‘surface sheets” meet one another at 
their edge®, and are kept together at their under surfaces by fine 
cemented threads, which spring from the protoplasmic part of one 
and pass directly ' into those of neighbouring cella The deeper 
portions of one protoplasmic part spread out one from the other, 
consequently the uniting protoplasmic processes are of some 
length. The individual cell,' therefore, is in the form of a much 
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truncated flattened pyramid, the base of which is fomed by the 
“ surface sheet,” The intermediate spaces between the cells are 
narrowest at the surface and widen towards their deeper parts, so 
that intercellular canals are left between them. 

When several “surface sheets” meet at their corners the 
protoplasmic bridges are almost wanting. The protoplasma is 
contractile ; by stimulation, caused by irritation of the proto- 
plasmic part, the cells become thickened, the processes (bridges) 
even give way, the intercellular canals become wider, the “ surface 
sheets” follow these movements passively, become bulged and 
detached from each other at the cornei^, and so leave openings. 

From these structural relations, and the fact that the inter- 
cellular canals are filled with a serous fluid, which has a reducing 
eflfect on the nitrate of silver, the difierent appearances of silver 
preparations are easily explained. The top surface of the 
“surface sheets” is covered with very tender, short, little hairs, 
which protrude from the surface like thick points. With some 
amphibia they are rudimentary, with others they do not exist at 
all; this is the case with fish and with sauropsida. 

The groups of protoplasmic, cubical cells which exist in certain 
places in the endothelium, the so-called germinal cells, are merely 
modified endothelial cells. They are also found in amphibia and 
reptiles ; they, however, do not exist in birds and fish — for that 
reason they can have no importance as germinal centres. To this 
place the germinal epithelium of ovary belongs ; in mammals also 
it consists of the “ surface sheets,” with little haire, and of proto- 
plasmic parts, which are among themselves united, and also with 
the endothelium by fine, short processes. 

The increase of cells, which occurs with inflammation in 
grown animals, is brought about by mitosis, whereby only the 
“ surface sheets ” are completely divided, while the protoplasmic 
parts remain joined together by their communicating arras, and 
also a kind of syncytium. Especially prominent is the fact that 
with all animals the blood and lymph-vessels of the endothelium 
are destitute of little hairs. From the above observations the 
author concludes that the endothelium and epithelium cannot be 
brought into opposition, and that the endothelium is not derived 
from the ordinary connective tissue cells. Archiblast and Para- 
blast produce genuine epithelium. (Biolog. CeniralbL^ xii. 87, 
No. 3, 1892.) 

M. Orwbaum and B. von Braunschweig have carried on ex- 
perimental researches on the extirpation of the thymus gland 
and the regeneration of blood corpuscles. In these researches it 
is a question of determining by suitable experiments, followed by 
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microscopical investigation, if, and in what way, the above-named 
organs take any part in the forming of the blood. Griinbaum 
induced the regeneration of the blood corpuscles in the following ' 
ways : — 

(1) By venesection. 

(2) By chemical reagents which destroy the blood corpuscles. 

(3) By extirpation of the spleen. 

(4) By extirpation of the spleen follow’^ed by bleeding. 

In this way the following results were obtained : — 

(1) At each recurrence of increased formation of blood 
corpuscles the lymphatic glands react by enlargement, and some- 
times by flushing. 

(2) The enlargement depends on the increase of the individual 
elements in cortical nodules and medullary cords on the one 
side, and on an enlargement of all the lymphatic paths on the 
other hand. The widened lymph paths and peripheral lymph 
sinus are filled with a lymph which is very rich in blood and 
blood -corpuscle cells ; hence the swollen condition of the 
lymphatic glands. 

(3) The colourless corpuscles arise from lymph cells, which 
lie free in the meshes of the reticulum, and from the endothelial 
cells of the reticulum by mitosis. This happens chiefly in the 
germinal centres, but also in the medullary cords. 

(4) In connection with the frequent appearance of mitosis in 
the lymphatic glands stands the fact that after venesection and 
extirpation of tho spleen the number of colourless corpuscles in 
the circulating blood is relatively large, and that after bleeding 
the blood coagulates in a strikingly rapid manner. 

(5) After extirpation of the spleen a remarkably large 
quantity of cells containing blood corpuscles are, as a rule, met 
with in the lymphatic glands of the lymph i)aths. 

(6) Under certain conditions (after bleeding and extirpation 
of the spleen) the lymphatic glands take part in the formation of 
red blood corpuscles in grown animals, by division of nucleated 
red blood corpuscles which takes place exclusively in the lymph 
sinus. These nucleated red blood corpuscles probably come from 
the endothelial cells of the lymph sinus. Whether division by 
mitosis or by ‘‘direct segmentation ” occurs remains undecided. 

The results from Braunschweig's paper are as follows : — 

(1) After the operation for inducing regeneration of the blood 
corpuscles (bleeding and extirpation of the spleen) the thymus 
gland shows no enlargement or other change perceptible to the 
naked eye. 

(2) Corresponding to the macroscopical readings, the macro* 
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Bcopic examination gives no important increase of cells in the 
gland. 

(3) No substantial importance can be ascribed to the thymus 
gland for the regeneration of white blood corpuscles during extra- 
uterine life. {Inaug-DisserL Dorpat^ 1892.) 

Cushny employs chloroform and ether narcosis in such a 
manner as to be able to give an exact dose of these anaesthetics. 
This is done by a tap regulating the quantity of air which is to 
be allowed to mix with a known quantity of the anaesthetic, and 
which is also saturated with water before reaching the animal. 
Artificial respiration is employed in order to make the quantity 
of gas inhaled independent of irregularities which occur with 
natural respiration. By these methods it is seen that when air 
saturated with chloroform is used, the chloroform can kill by 
affecting the heart before, or simultaneously with, cessation of 
the respiration. Diluted chloroform (that is, the air containing 
55 per cent, or less) generally kills by injuring the respiration, 
wliile the heart, although weak, continues to beat. This is the 
case with the narcosis as usually carried out by the surgeon. 

The less the concentration, the slower also the stupor comes 
on, and so much the less is the heart injured. 

While the author in these points does not agree with the 
Hyderabad Chloroform Commission, he yet agrees with them in 
thinking that when weak doses are given the blood falls gradually 
and never suddenly. 

Tlie same thing holds good for ether as for chloroform, there 
being only a quantitative difference, inasmuch as greater concentra- 
tion can be borne with ether than with chloroform. Air saturated 
with ether can, however, cause death in a similar way to 
chloroform, by almost simultaneous injury to the heart and 
respiration. The heart is, therefore, not indifferent to ether. 
For a rapid production of anaesthesia, at the most 15 to 20 per 
cent, of chloroform, and from 37 to 52 per cent, ether should be 
employed. When once, however, anaesthesia sets in, it is 
sufficient to keep on with 7*5 to 5 per cent, chloroform, or 19 to 
25 per cent, ether. In chloroform narcosis all reflex actions 
cease before the respiration is paralj sed ; the first to stop is the 
eyelid reflex, the next the reflex from the palate, then reflex 
swallowing and sneezing. 

The author finds definitely that chloroform acts directly upon 
the respiratory centre in the bulb. The space of time elapsing 
between the disappearance of reflex actions and paralysis of the 
respiration stands in inverse relation to the concentration of the 
anaesthetic, The respiratory convulsion which comes on at the 
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beginning of chloroform inhalation depends on excitation of tlie 
vagus nerves, for it does not occur if they have been previously 
divided. {Zeitachr, /, Biol^ xxvii. ; Jf’eue Folge^ x. 3, 365.) 

Heymans set himself the task of trying the bactericidal 
power of bodies which evaporate at a low temperature, hoping in 
this way to find an ideal antiseptic. The author's experiments 
were carried on with pure chloroform and ether, the fumes 
of which, as is already known, produce an arresting on the 
development of cultures of pyogenic micro-organisms growing 
in gelatine; the experiments have hitherto only extended so 
far as to investigate the toxic influence which the applied 
fumes of chloroform and ether exercised on the skin of rabbits. 
Heymans used a glass cylinder which was provided with a piece 
of wadding saturated with chloroform, and applied to the skin 
(especially to that of the ear) of rabbits, and hermetically fastened 
in a suitable manner with pig's bladder and thread. All animals 
to which chloroform had been applied in the manner above- 
mentioned, generally died between the third and fifth day after the 
application, and without ever having been narcotised. The chief 
symptoms were refusal of food, albuminuria, and just before death 
frequently hsematuria. After autopsy inflammation and fatty 
degeneration in the liver were the chief changes found. The 
effect on the health of the animal if ether was applied was, in 
comparison to that caused by chloroform, observed to be very 
small, even if the doses were ten times larger. {Extraii des 
Annales de la SocUtd de Mid. de Gaiid, 1892.) 

A A Kanthack has recently published the results of experiments 
made to investigate the nature of cobra poison, the active principle 
of which is known to be an albumose. The poison was obtained 
from the snake by applying pressure to the head, and by this 
means was squeezed out of the glands. The first drop was not 
used for research work on account of the poison which stagnates 
in the ducts. The author found that if the first flow be carefully 
avoided the reaction is neutral or faintly alkaline. It speedily 
dries and “ leaves a yellow substance, easily pulverisable, resem- 
bling gum arabic or dried egg-albumen behind." It gives a beauti- 
ful biuret reaction, and with nitric acid a precipitate almost 
wholly soluble on heating and reprecipitated on cooling, proving 
the presence of other proteids than albumoses. Prolong^ boiling 
destroys the activity of the poison. It was found that con- 
centrated solutions withstood tailing for one or two hours before 
they lost their poisonous action entirely, though 40 — 60 minutes 
sufficed to lessen it considerably. A weak solution, however, 
could be destroyed in half an hour or twenty minutes. These 
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results were also obtained with a solution of the pure albumose. 
If this were free from any other proteid, no precipitate fell, 
though the solution occasionally became rather opalescent. If, how- 
ever, a solution of cobra poison were heated, it first became cloudy 
and then a white precipitate fell. This, no doubt, is due to the 
albumen contained in the poison as it issues from the glands. A 
remarkable point was that though the poison lost its toxic pro- 
perties after being boiled for two or four hours, its solution con- 
tinued to give the biuret reaction at the close of that time. 
Diffused light had no effect on a solution of the albumose or the 
natural poison, as both were kept for eight weeks before a light 
window before losing their deadly power. The effect of bright 
sunlight could not be proved on account of the season of the year. 
Chlorine water, if allowed to act sufficiently long on cobra poison, 
destroyed its poisonous action entirely. Carbolic acid delayed 
the action of the poison considerably, and if the latter were not 
too concentrated, destroyed it altogether. Ammonia considerably 
diminished the toxic power of cobra poison and if the solution 
were strong, it completely destroyed the poison. 

The author also made experiments in order to try to establish 
a protection or cure against cobra poison. Sewall had shown 
that ‘‘ it was possible by injection of a few minute doses to give 
pigeons such tolerance of rattlesnake venom that three months 
after the treatment they were able to withstand what would other- 
wise be seven times the lethal dose.” Animals may be made to 
withstand large doses of cobra poison, though long intervals must 
elapse between successive doses, as the accumulative effect of the 
cobra albumose is well marked. But it was fopnd impossible to 
establish immunity against the bite of a cobra in this maimer, as 
three animals treated by the same method succumbed when tested 
with a strong solution of poison. The effect of strychnia was also 
tried, but whatever dose was given, no benefit resulted, as the 
animals always died. Nothing, therefore, must be expected to 
result from this treatment, and no false hopes should bo raised as 
to a cure for the bite of a cobra by strychnia. 

The infiuence of alcohol was also tested, and the active agent 
of cobra poison was found to be precipitate! by, and totally in- 
soluble in, absolute alcohol ; but mixtures of alcohol and water are 
capable of dissolving a certain amount of the poison in proportion 
to the quantity of water present. 

In Part II. of the author’s paper he details some investigations 
made to discover whether cobra poison contains a globulin or not, 
and he found that the body, called by another observer a globulin, 
is nothing but a mixture of hetro-albumose and dysalbumose» It 
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seems from these observations that there is no conclusive evidence 
of the presence of globulin in cobra jDoison. In fact, the above 
tests show that this body does not exist in the venom. A 
globulin-like body may appear in a solution of cobra albumose 
after certain manipulations. It seems that prolonged heat 
decomposes the proto-albumose into hetero and dysalbumoses, and 
that these bodies are apparently harmless. In opposition to 
Kiihne, the experiments seem to show that the proto-albumose of 
this venom on dialysis not infrequently throws down a body 
which is indistinguishable from hetero-albumose. {Journ. of 
Physiol,^ xiii. 272.) 

C. S. Eoy and J. G. Adami publish the results of a long series of 
observations made on the physiology and pathology of the mam- 
malian heart. They have studied the action of the heart in con- 
ditions (unexcised and intact) as nearly approaching the normal 
as they were enabled to make compatible with the employment of 
exact methods of research. They state the difficulties attendant 
upon this study, and the means by which these difficulties can 
be surmounted. Section 3 commences by a consideration of the 
relationship between the circumference of a hollow spherical 
muscle and the resistance to contraction of its walls. Reference, 
too, is made to the elastic resistance which the heart wall itself 
offers to contraction, and the bearing of this upon the production 
of negative pressure within its cavity under certain conditions. 
The effect on the ventricular contraction of changes in the blood- 
]>ressure within the aorta and pulmonary arteries is considered, 
showing how much the blood has in common with the voluntaiy 
muscles of the bcKly, and explaining why the amount of residual 
blood is liable to changes, and the section concludes with a few 
remarks on “failure of the heart.” Section 4 is a study of the 
effects of the vagus nerve on the heart. The changes in the con- 
traction-volume are shown, and it is pointed out that though at first 
sight the graphic records seem to show that, other things being 
equal, the volume of blood expelled at each systole varies in 
inverse ratio to the rapidity of heart beat, yet this general law does 
not hold good for vagus slowing, which is found to be accompanied 
by a lowering of the output. With moderate slowing, this 
diminution of the output may be as much as 30 or 35 per cent., 
and still more with extreme slowing. An increase in the amount 
of residual blood in the heart is produced by vagus stimulation, 
proving that this does not necessarily indicate any weakening of 
the ventricular contmctions. Analysis of the myocardiographic 
records of the action of the vagus on the heart shows that the 
auricular contractions are weakened or arrested, and that the 
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effect of the vagus on the force of the auricular contractiong 
bears no constant proportion to the vagus slowing. Strong 
excitation of the vagus completely arrests the auricles, perhaps 
for hours. This complete arrest may, in some cases, be preceded 
by progressive weakening, but occasionally arrest occurs directly 
after fairly strong beats, or with fairly strong beats occurring at 
times during the arrest. These latter cases may be explained by 
weakening of the excitations which reach the auricles from the 
sinus, though they may possibly be due to diminished excitability 
of the auricles. The authors find that the distension of the heart 
during vagus action is due to the ventricles being more expanded 
both in diastole and in systole. The increased volume of the 
heart at the end of systole is in spite of the increased con- 
traction volumes. This opposes the conclusions of those who 
ascribe it to weakening of the ventricular walls. The authors 
point out that the greatly increased contraction volume increases 
to a corresponding extent the work done at each contraction. 
Detailed reasons are given for concluding that this suffices to 
explain the apparent weakening of the ventricular contractions. 
The influence of the vagus upon the tonus of the relaxed ven- 
tricles is next examined, and it is found that the great distension 
during vagus action is entirely due to increased intra-ventricular 
pressure during diastole, and not, as has been thought by some 
observers, to any change in the elasticity of the relaxed ventricular 
wall. The cause of the rise of venous (systemic and pulmonary) 
pressure is found to be due, not to any increase in the amount of 
blood entering the veins in a given time, or to contractions of 
the walls of the veins, but to the diminished inflow into the 
ventricles. The cause of tliis diminished inflow into the ven- 
tricles is twofold, i.c., weakening, or arrest of the auricles and the 
elastic resistance of the ventricular wall to distension. This 
explanation applies to both sides of the heart, and observed facts 
correspond with it. The after-effects of vagus excitation are con- 
sidered, and the authors show that the temporary increase in the 
output which is occasionally present may be explained by a tempor- 
ary increase in the force of the auricular contractions, and by the 
venous pressure taking some little time to fall after the vagus 
excitation has ceased. In examining the influence of the vagus 
on the heart rhythm, it is seen that when the vagus excitation 
reaches a certain degree (which varies in different animals) the 
ventricles begin to beat independently of the sinus and auricles, 
the rhythm, which at the commencement is slow and irregular, be- 
coming gradually fairly rapid and almost completely regular. This 
independent ventricular rhythm of vagus action is characterised 
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by the slowness with which it establishes itsel£ With a cer- 
tain degree of vagus excitation irregularity of the ventricles 
necessai^y results, in consequence of the sinus and the ideo-ven- 
tricular rhythms interfering with one another. This is the common 
cause of irregularity, and it may also be caused by the auricles 
not responding to all the impulses which reach them from the 
sinus. In Section 5, the eflFect of direct excitation of the augmentor 
nerves on the heart is studied. These nerves increase the diastolic 
expansion of the auricles and also increase their systolic contrac- 
tion, but these two effects do not go together. Excitation of the 
augmentors increase the output of theheart, owing to the increased 
force and frequence of the auricular contractions, the result of this 
being that the pressures in the systemic and pulmonary arteries 
rise, while the systemic and pulmonary venous pressures fall. 
The augmentors, on direct stimulation, cause a slight increase in 
the diastolic expansion of the ventricles, which is passive in nature 
and due to the increased force of the auricular contraction. The 
force of the ventricular contractions is increased ; they contract 
more completely, diminishing the quantity of residual blood, in 
spite of the fact that the arterial pressure is generally somewhat 
raised. On peripheral excitation of the cut nerves, there is marked 
weakening of the contractions, both of the auricles and ven- 
tricles, this being occasionally followed by a well-marked increase 
in the force and frequency of the auricular and ventricular con- 
tractions. Reflex excitation of the vagus produces results the 
same as those which occur on direct stimulation of the nerve. 
Excitation of a mixed nerve, such as the sciatic, generally pro- 
duces effects on the heart similar in kind to those due to direct 
stimulation of the augmentors, but the phenomena are complicated 
by the greater rise of the pressure in the systemic arteries. 
Occasionally the increase in the force of the ventricle more than 
counterbalances this increased resistance to contraction, and the 
amount of residual blood in the left ventricle is reduced; in other 
cases the increase in force of the ventricular contractions is not 
sufBcient to counterbalance the increased resistance, and the 
residual blood in the left ventricle is increased. Section 9 shows 
that excitation of the central end of a mixed nerve, like the sciatic 
or splanchnic, usually affects both the augmentor and vagus 
centres in the medulla, and in nearly all cases the augmentor 
centre is the more strongly excited of the two, so that augmentor 
effects show themselves during the excitation, but are followed by 
vagus action on ceasing to excite the nerve. In Section 10, upon 
the part played by the vagus in the economy, the authors Aow 
that vagus excitation relieves the heart of work, and therefore of 
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Waste to as great an extent as is compatible with a continuation 
of the circulation, and they conclude that the vagus acts as a pro- 
tective nerve to the heart, reducing the work thrown upon that 
organ when, from fatigue or other cause, such relief is required 
by it. The vagus acts principally in the interests of the heart 
and central nervous system. The power of the vagus over the 
heart is limited, and the ideo- ventricular mechanism, which comes 
into play when the vagus action exceeds a certain limit, must be 
looked upon as a means by which arrest of the circulation and 
death are prevented, whenever from any cause the nerve exerts a 
maximum influence. The power of the vagus to lower the ex- 
citability of the ventricles makes their temporary arrest impossible ; 
but this reduction of excitability of the ventricles cannot be kept 
up, no matter how strong the stimuli applied to the nerve for a 
period long enough to endanger the circulation. Section 11 shows 
that the function of the augmentors in the economy is to increase 
the work and tissue waste of the heart as part of the mechanism 
by which the nervous system governs the circulation, and that the 
augmentor mechanism sacrifices the heart in order to increase the 
output of the organ and enable the ventricles to pump out their 
contents against heightened arterial pressure. Such excessive 
action is stopped by the vagus, which steps in as soon as the call 
for increased supply of blood has ceased. In Section 12 the mode 
of interaction of the vagi and augmentors is considered. When 
the vagi are paralysed by section or atrophin, the augmentors have 
no control over the cardiac rhythm, and they can, therefoi’e, only 
act by inhibiting the influence of the vagi on the rhythmic centre 
of the heart. When neither nerve is acting on the auricles they 
contract with a certain force which is increased by the augmentors 
and diminished or inhibited by the vagi. 

The force of the heart’s contractions is influenced by other factors 
than the vagi and augmentors, and other nerves. The pressure of 
blood in the coronary arteries is one of the most important. Should 
this be lowered, the contractions of both auricles and ventricles 
diminish in strength, while a rise of pressure in the systemic arteries 
causes an increase in the force of the heart’s contractions, so that 
tlie force of these latter is, to a certain extent, regulated auto- 
matically by changes in the blood-pressure in the aorta. Change 
in the volume of the blood in the l^y greatly affects the contrac- 
tion volume and output of the heart. Increase in the work of 
the ventricles, due to increase in the output, has no tendency to 
automatically increase the force of the ventricular * contmctions. 
The authors refer to the bearing of this in cases of plethora. 
Increase of the watery constituents of the blood increases the 
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ooutraction volume and output to the same extent (though only 
temporarily) as does transfusion of blood, but acts still more un- 
favourably on the heart, seeing that the work done by the ven- 
tricles is increased, while the nutritive value of the blood supplied 
to the coronaries is diminished. The increased output of the 
heart in plethora and in hydrsemia is due to rise of pressure in 
the systemic veins, increasing the volume of blood which enters 
the right ventricle during diastole. These facts bear upon the 
treatment of chlorosis and heart disease. In Section 14 the 
limits of the heart to perform the work thrown upon it are con- 
sidered, and it is shown that, in spite of the beautiful mechanism 
by which the force of the ventricular contraction is regulated, the 
heart, like the voluntary muscles of the body, is liable to fatigue 
when the work thrown upon it greatly exceeds that required to 
maintain the circulation under ordinary circumstances. Exertion 
and endurance of fatigue during active muscular exertion are 
limited mainly by the limited power of the heart to continue sup- 
plying the increased amount of blood required by the acting 
voluntary muscles. Luxuries which are limited or forbidden in 
training,” and which are known to hinder prolonged exertion, 
such as water, alcohol, tobacco, caffein, all directly weaken the 
force of the hearths contractions, and, in the case of water, place 
the organ under a disadvantage. Fatigue of the heart leads to 
dilatation of that organ. On comparing the power of fatigued ven- 
tricles to carry on increased work, as compared with unfatigued 
ventricles, it is found that not only is the strengthening effect of the 
augmentor nerves upon the individual contractions less in the 
former case, but also that the fatigued, and therefore dilated, 
heart is unfavourably placed for meeting increase in the work 
thrown upon it. The irregularities of the heart in disease may be 
explained by the mode in which the vagus nerve, when acting 
powerfully, releases the ventricles from the control of the rhythmic 
centre in the sinus. Tlie irregular heart expends more energy, 
and its tissues are therefore more wasted for a given amount of 
work than the heart which is beating regularly. The effect on 
the heart of imperfect aeration of the blood is, fii-st of all, to pro- 
duce powerful vagus action from the medullary centre. Besides 
the vagus action it can bo shown that temporary asphyxia causes 
progressive weakening both of the auricles and of the ventricles, 
and the considerable rise of pressure in the systemic arteries in 
asphyxia is accompanied by vagus effects upon the heart, and not 
by augmentor action, as is the case, so far as is known, in all 
instances in which the vaso-constrictor centre is excited in the 
normal individual. The changes that take place in the heart and 
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circulation during asphyxia lead to the conclusion that when the 
total amount of oxygen in the blood is lowered, it is for the benefit 
of the economy that those organs, such as the central nervous 
system, whose continuous blood supply is a vital necessity, should 
be richly supplied with blood by constriction of the vessels of the 
spleen, kidney, and digestive system, whose blood supply can be 
cut off temporarily without danger to life, and also that the heart 
should carry on the circulation in a manner involving as little 
waste as possible of its own substance. This result, as is seen, it 
is the function of the* vagus nerve to accomplish. {Phil. Trans.^ 
clxxxiii. 199.) 

W. Townsend Porter records researches on the filling of the 
heart, which, he says, is the result of differences of pressure between 
the great veins, auricle and ventricle. He has sought to determine 
these differences and their relative importance, and the results 
secured have been confirmed, as far as possible, by simultaneous 
measurements of the pressure in auricle and ventricle with mer- 
curial manometers. In the author’s experiments on the filling of 
the auricle, he finds that the flow from the veins into the auricle 
is intermittent, ceasing during the systolic and the first diastolic 
rise. The second diastolic fall is caused by the contraction of the 
ventricle, and not by the relaxation of the auricle. The second 
diastolic fall is an important factor in the filling of the auricle, 
and its importance grows with an increase in the frequency of 
the heart. The negative pressure in the ventricle has little effect 
upon the pressure in the auricle. 

As to the filling of the ventricle it is found that negative 
pressure in the left ventricle is sometimes absent, often slight, and 
sometimes great. The minimum mercurial manometer was used 
in fifteen experiments with open chest ; in five no negative pressure 
could be demonstrated ; with the chest closed, negative pressure 
was found in the left ventricle in five cases out of six. Negative 
pressure with open chest was sought for and found in the right 
ventricle twice ; in these animals a negative pressure was found 
also in the left ventricle. Negative pressure in the auricle 
with open chest is often absent, when present is relatively 
trifling. The positive pressure in the auricle is low. A simul- 
taneous record of the pressure in the left ventricle and left 
auricle shows that a high degree of negative pressure may be 
present in the ventricle, while at the same time no negative 
pressure is present in the auricle. The author assumes that a 
negative pressure in the ventricle quickly disappears, provided its 
direct cause or causes do not continue to act. The conclusions 
to be drawn concerning the filling of the ventricle may be 
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summarised as follows : — Blood flowed into the ventricle from 
the opening of the auriculo-ventricular valves to that moment in 
ventricular systole when the pressure in the ventricle rose above 
that in the auricle. In these experiments the auriculo-ventricular 
valves closed during the first moments of ventricular systole. 
The ventricular negative pressure occurs after ventricular systole. 
There are reasons for distinguishing two forms — one occurring 
before the auriculo-ventricular stream begins to flow ; the other 
at the same time as, or a little later than, the beginning of the 
flow. The negative pressure in the ventricle, with open chest, 
fails to greatly influence the pressure in the auricle. The dura- 
tion of negative pressure may be greater in a very frequent than 
in a comparatively infrequent heart. There are facts which 
seem to indicate that the ventricle in diastole may undergo 
changes in volume whose cause lies in the ventricular muscle 
itself. {Jour, of Physiol.^ xiii. 513.) 

H. P. Dean, in a paper on cerebro-spinal pressure, remarks that 
in considering the subject of compression of the brain it must be 
understood that there are two distinct varieties of compression. 
These generally occur together, but occasionally one may be 
present without the other. They are : — (1) A general compression 
of the whole central nervous system brought about by a rise in the 
pressure of the cerebro-spinal fluid in tlie sub-arachnoidal space ; 
(2) a local compression of some particular portion of the central 
nervous system, tlie compressing agent exerting its action on the 
nervous tissue directly. The changes in the brain and spinal 
cord are brought about by continual variations in the blood 
pressure, and are able to take place within the firm walls of the 
cranium and vertebral column. The author suggests that the 
cerebro-spinal cavity may be regarded as an oncometer which 
works accurately when the changes of pressure are not consider- 
able, but that when the pressure has been allowed to rise beyond 
a certain height, which differs in different animals, there is a slight 
amount of leakage. By injected normal saline solution this leak- 
age can be compensated. When the sub-arachnoidal pressure 
rises as a result of an increase in the volume of the brain and 
spinal cord, only a small portion of that increase, varying from 
one-third to one-tenth, is due to increase in volume of the spinal 
cord. Constant variations occur in the volume of the brain and 
spinal cord. In his experiments on the effects of alterations in 
the size of the cerebro-spinal cavity upon the cerebro-spinal 
pressure, the author finds that when the cranial cavity is reduced 
in size, the cerebro-spinal pressure begins to rise at once, and that 
as the diminution in size gradually progresses, there is a similar 
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gradual increase in the cerebro-spinal pressure. The theory that 
the theca vertebralis has considerable distensibility is probably 
Incorrect. It may have arisen from the fact that the cavity can 
be considerably diminished in size without any symptoms appear- 
ing. The fact that there are no symptoms when the cranial 
cavity is diminished in volume to a slight extent only, is not to 
be explained by a compensatory outflow of cerebro-spinal fluid 
along the perineural lymph tracks and into the distended theca 
vertebralis, bujb by the fact that the sub-arachnoidal pressure has 
to reach a certain magnitude before it can interfere with the 
circulation of the brain sufficiently to derange the functions of 
this organ. In observations made on the eflect of stimulation of 
sensory nerves, an effect was produced on the general blood 
pressure, the cerebro-spin.al pressure increased, and after the 
stimulation was removed the cerebro-spinal pressure fell along 
with the blood pressure. After stimulation of the peripheral end 
of the vagus, although there is always a fall in the arterial 
pressure, yet in the cerebro-spinal pressure one of two results 
occurs — first, a decided fall in the cerebro-spinal pressure, which is 
the most usual ; secondly, either a very slight rise or no altera- 
tion. By compressing tlie thoracic aoita a considerable rise is 
always produced in the arterial pressure. A rise is also pro- 
duced in the cerebro-spinal pressure, but this is not so abrupt as 
that of the arterial pressure. By allowing blood to be lost, both 
the arterial and the cei'ebro-spinal pressures fall, and when the 
amount of blood lost is great the fall of pressure is very marked. 
When chloroform is given there is a distinct fall of the cerebro- 
spinal pressure, and it occurs before any appreciable effect on the 
arterial pressure is produced. Soon, however, with the fall of 
the latter, there is a marked rise of cerebro-spinal pressure. 
During the first stage of asphyxia a marked contraction of the 
brain was noticed to accompany the rise in arterial j^ressure. 
The author relates some of the disturbances of the circulation in 
the brain, especially the spreading oedema, caused by the intro- 
duction of a foreign body into the cranial cavity, and the serious 
consequences that may follow the removal of the compressing 
agent. Considerable support is given to the results of these 
experiments by cases of meningeal htemorrhage occurring in 
surgical practice, and some suggestions are made by the author 
for the treatment of these cases. Certain alterations in the 
structure of the compressed area are described. The author also 
made observations on the surface temperature of the two sides of 
the body following local compression by experiments on nine 
animals, in which local cerebial compression liad been produced 
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by the insertion of glass discs, and found that with a small disc 
the surface temperature of the axilla opposite to the hemisphere 
compressed is always higher than that of the axilla of the same 
side as the compressed hemisphere. That is, if a small disc be 
inserted over the left hemisphere, the surface temperature of the 
right side of the body is alw’^ays higher than that of the left side 
of the body. With a large disc the result is exactly reversed. 
It is thought that a small disc produces an irritative lesion of the 
inhibitory mechanism of the vaso-motor centre supplying the 
opposite side of the body, and so a dilatation of the cutaneous 
is produced causing a rise in the surface temperature. With 
a small, an irritative lesion is produced causing an elevation 
of the surface temperature of the opposite side of the body, and 
a contraction of the pupil of the eye of the same side. With a 
large disc, a paralytic lesion is produced, causing a depression of 
the temperature of the opposite side, and dilatation of the pupil of 
the same side. {Jour, of Pathology^ i. 26.) 

A. Heffter has sought to find on what food the heart of the 
frog gives most work, and what components of the blood are 
necessary for this. He estimates the absolute force, the size, and 
also the frequency of the pulse. It is proved that the nourish- 
ment given by the blood of bullocks, horses, or pigs, is extremely 
good for work of the frog’s heart. The serum of blood, on the 
contrary, cannot support the beating heart so well as blood itself. 
“Lakey” blood, or free oxy-hsemoglobin, is also found to be 
incapable of supporting the heart ; that property appears to 
belong to the blood corpuscles. Nevertheless it is found that 
blood corpuscles separated by the centrifuge and suspended in 
normal saline cannot of themselves support the activity of the 
heart. If, hoVever, they are suspended in a solution of egg-albu- 
men, or in 2 per cent, neutral solution of gum arabic, the heart 
works in a perfectly normal manner. Therefore the red cor- 
puscles must be considered the most important factor for 
supporting the heart’s activity, but they must, for that purpose, 
be suspended in a liquid the physical propertieiS of which are 
similar to those of blood serum. {Arch, f Exp. Pathologic und 
PharmcLcologie^ xxix., s. 41.) 

A summary only of the principal points of interest in the 
long and careful paper by Or. N. Stewart can be given. The 
subject is the influence of temperature and of endocardiac 
pressure on the heart, and particularly on the action of the 
vagus and cardiac sympathetic nerves. Of all the physical con- 
ditions which affect physiological activity, there is none which 
is so profound as temperature. The heart of cold-blooded animals, 
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Bttch as toad and frog, is normally subject to wide fluctuations of 
temperature, so that for a very great range the conditions are 
still physiological. Although it is not possible to confine the 
action to any particular constituent of the. heart, yet it is certain 
that the cardiac muscle is aflected. The author has made a 
series of observations on the influence of the vagus and sympa- 
thetic nerves at temperatures ranging between the extreme limits 
compatible with the life of the tissues. (When the word “ vagus 
is used without qualification in this paper it signifies the mixed 
vago sympathetic nerve.) The results of his experiments on the 
effect of temperature on the action of the vagus fell into two 
divisions : — (1) The effect of temperature on the inhibitory action. 
The action of the vagus is very much influenced by the tempera- 
ture of the heart, but in general only quantitatively, and not quali- 
tatively. For example, if stimulation of the vagus at a medium 
temperature causes, as its primary effect, inhibition in a broad 
sense, then 'whether the temperature be raised or lowered, the 
primary action of the nerve, when its action persists at all, is 
inhibitory. If, on the other hand, as sometimes occurs, the 
primary action of the fresh nerve is augmentor at a medium 
temperature, it is also augmentor at any other temperature at 
which there is any action at all. The influence of temperature, 
which can affect the beat of the heart more than atropia, cannot, 
like atropia, affect the fundamental type of action of the vagus 
nerve. In the cooled heart it is the inhibitory action rather than 
the augmentor which persists. A primary inhibitory action is 
sometimes replaced in the course of an experiment, during which 
the heart has been cooled or heated, by a primary augmentor 
action. This is a common occurrence in hot weather. (2) As the 
temperature of the heart is lowered from a medium temperature, 
the inhibitory activity of the vagus is diminished, by whatever 
criterion that activity is estimated. If at a medium temperature, 
stimulation of the vagus causes complete quiescence of the whole 
heart, then, as the temperature is decreased, it is possible to 
obtain, with the same strength of stimulus, only a diminution in 
the force of the auricular beats, sometimes accompanied by 
diminution in the force of the ventricular beats. As . the temr 
perature is lowered still further, the effect upon the force of the 
ventricular beats first disappears, then the effect upon the auricle. 
Ultimately, at a very low temperature (0** — 2® C.), no effect is 
caused by the strongest stimulation of the vagus. If the primary 
effect of vagus stimulation at the starting temperature be slowing 
of the beat without diminution in the amplitude, this is also the 
effect at lower temperature. If the ventricle alone is cooled, 
z 2 
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complete quiescence of the heart may be obtained by stimulation 
of the vagus at veiy low temperature. Stimulation of the sinus is 
generally effective in causing inhibition at a lower temperature 
than stimulation of the vagus trunk. Stimulation of the auricle 
causes similar effects, though less marked, and more strictly con- 
fined to the auricular nerve. As the temperature is increased from 
a medium temperature the inhibitory action of the vagus is in- 
creased, whatever effect is taken as to the test of its activity. 

The influence of the temperature of the heart on the activity 
of the cardiac sympathetic nerve, — When the temperature of the 
heart is diminished l)elow the medium temperature, the activity 
of the sympathetic is lessened as regards the alteration both in 
rate and in the amplitude of the beat. Of the two alterations 
which stimulation of the sympathetic may cause in the beat, 
increase of rate and of amplitude, the foiiner is that which is 
relatively most prominent at low temperatures. When the 
activity of the sympathetic is estimated by the alteration which 
stimulation of it produces in the frequency of the beat, and a 
curve is drawn of which the ordinates are proportional to this 
ratio and the abscissae to the temperature, this curve in general 
sinks towards the abscissa axis as tlie temperature is decreased 
below the ordinary till it reaches the minimum, at which it may 
remain when the temperature is still further diminished, or it 
may even begin to rise again. When the vagus on one side and 
the sympathetic on the other are stimulated alternately as the 
heart is progressively cooled, the sympathetic generally becomes 
ineffective at a temperature for which the vagus is still active. 
As the temperature is increased from the medium, the activity of 
the sympathetic increases. In general it may be said that a 
temperature which is favourable to the action of the vagus nerve 
is unfavourable to the action of the sympathetic, and vice versd. 
When the normal changes in the heart are rendered sluggish by 
cold, it is not only less easy to quicken its beat, but it is less easy 
to stop it. When these changes are quickened and the molecular 
mobility of the heart is increased by heat, it is easy for it to 
slide either into inhibition or into augmentation. The tempera- 
ture of the heat standstill of the heart varies inversely with the 
rhythmical power of the muscle. When the heart is distended 
with liquid at a high pressure (20 — 40 c.m. of normal saline) and 
is then heated, an imperfect “ tetanus ” results, in which a series 
of ittpid small contractions is superposed on a more lasting con- 
tra^ion, which might be described either as tonic or tetanic, and 
which precedes the relaxation into diastolic standstill. When the 
temperature is lowered, the heart again begins to beat, unless it 
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has been heated more than is sufficient to produce this standstill. 
At low temperatures the tone of the heart, and particularly of the 
ventricle, is decidedly increased. Although the contractions are 
so slow, the relaxation is less than at the ordinary or at higher 
temperatures. The beats at low temperature are large and 
vigorous, although slow. It has sometimes been stated that the 
size of the beat is diminished at low temperature, and this is so 
for a temperature bordering on that at which the lieart stops in a 
cold standstill. But the contractions are often quite as large at a 
temperature a degree or two above zero, as at the ordinary tem- 
perature. The activity of the sympathetic in the frog is not 
abolished or apparently reduced by an inci*ease of cardiac pressure 
far above that which suflBces first to weaken and then to destroy 
the inhibitory action of the vagus. The increase in rate and 
strength of the beat which has sometimes been observed as a 
result of stimulation of the mixed vagus trunk, is due to the 
sympathetic fibres in it. Under certain conditions, such as a 
moderately high endocardiac pressure, the systole may apparently 
be lengthened at the same time that the rate of the heart is 
accelerated by stimulation of the sympathetic. (Journ. of Physiol,^ 
xiii. 59.) 

At the Congress of Physiologists held at Lidge Hurthle demon- 
strated a method for mechanically registering the time of 
occurrence of the cardiac sounds. A little microphone is applied 
to tho chest, but not where the actual movement of the cardiac 
impulse can reach it. The cardiac sounds upon the microphone 
and through it cause variation of the current in the primary of 
an induction apparatus. If a telephone is inserted in the 
secondary circuit one can hear sounds corresponding with the 
heart sounds ; if a fresh nerve-muscle preparation (from the 
frog) be insei^ted into the secondary circuit, the muscle contracts 
at each cardiac sound. It is possible thus to register mechanically 
the time of occurrence of the cardiac sound. If at the same time 
n cardiograph applied to the region of the cardiac impulse on the 
chest wall is set to write on the cylinder under the myograph, it 
is easy to see at what period of the cardiographic tmeing the 
first and second sounds of the lieart appear. The first cardiac 
sound occurs at the beginning of, or somewhere within the ascent 
of, the cardiagraph tracing ; the second sound occurs always in 
the first half of the descending limb of the tracing. {Notice 8ur le 
2”*® Congrea Intern, de Physiol.^ p. 1., Fredericq.) 

Biirestioii and nutrition. 

Hell controverts the widely accepted view of Martius and 
Oegenbauer that the humerus is a bone that is twisted on its 
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long axis, and that the torsion of the humerus can smooth away 
the difficulty of homologising the fore limb and the hind limb. 
The spiral course of the outer angle of the humerus is no evidence 
of a torsion of tlie bone ; it is the product of grooving by the 
musculature. Neither cross sections nor the grain of the decalci- 
fied bone supports the idea of the bone having undergone torsion. 
In accordance with Kblliker, Holl finds that no trace of any 
torsion of the limb is to be seen in the early stages of its 
development. He finds that the course of the nerve-trunks in 
the limb is such that no torsion is indicated in the nerve-bundles. 
The alterations in position which the limbs undergo in their 
development are (1) a turning of the young and fin-like limb in 
such a way that the ventral side of it approaches the anterior side 
of the body ; (2) a shifting tailwards of the more developed and 
jointed limb ; (3) rotation of the fore-limb so that the extensor 
surface comes to face tailwards ; a rotation of the hind limb so 
that the extensor aspect of it comes to face headwards. The 
two limbs, fore and hind, do not rotate equally ; the upper limb 
rotates the more. The rotation goes on at hip-joint and shoulder- 
joint, according to Hatschek ; according to Holl certainly at the 
hip, but not at the shoulder-joint. The rotation of the upper 
limb is due to shifting of the whole shoulder girdle on the 
trunk, and is complicated by adduction of the limb to the trunk. 
[Sitzunga. her, d, k. Akad, d, Wissensch. Wien., Feb.) 

J. Bose Bradford publishes a preliminary report of an import- 
ant series of experiments to elucidate the influence of the kidney 
on metabolism. Fifteen experiments were performed in ‘ the 
following way : A dog is fed for a week upon a weighed diet 
containing a known quantity of nitrogen, and the amount of 
urine passed daily measured, and the quantity of urea and the 
total nitrogen in it determined. The weight of the feces and 
the amount of nitrogen in them are also determined. A large 
wedge of renal tissue is then removed from one kidney. The 
shock of the operation passes off in about twenty-four hours ; but 
for two or three days there is some haematuria, and the appetite 
is poor. All signs of illness pass completely in the course of a 
week. The animal is again fed on a known diet, and the ingesta 
and excreta are determined — ^for a period of from one to six 
weeks. At first the urine is frequently abundant, and the specific 
gravity of it is low ; but this soon passes off, and the urine 
returns to its normal quantity and density. After the interval 
of recovery the kidney which had not been touched at the first 
operation is removed in toto. The results of the removal of the 
s^ond kidney are at first very slight — there is little shock or 
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haemorrhage as compared with the first operation. The remote 
effects, however, are very marked — extreme wasting, hydruria, 
^ and polyuria occur, and with these a fall in the body-tempemture 
and a great increase in the nitrogenous extractions of the tissues. 
The increase in the water of the urine is greater than the 
increase in the urea. This polyuria is accompanied by great 
wasting, which is not materially checked by a liberal diet. 
There is great thirst, and the temperature falls about 5° Fahr. 
Death follows in from two to six weeks. The increased fiow of 
urine is not dependent simply upon increased secretion of urea, 
since the former may exist without the latter, although the latter 
not without the former. The fatal course of the experiment 
is intimately dependent on the amount of kidney removed. 
When a dog is left with only one-fourth of its total kidney 
substance, a condition of extreme hydruria invariably* results. 
This hydruria is accompanied by a large increase in the out- 
put of urea. If the ingesta are diminished to zero, the 
output of urea remains at the height it reached with a diet 
sufficient to maintain the weight of the animal when in a normal 
condition. 

By removal of a smaller amount of kidney, hydruria alone is 
produced. When hydruria and polyuria are both produced by 
removal of three-fourths of the. total kidney weight, the hydruria 
precedes the polyuria. In the disease produced there are indeed 
two stages. In the first stage the normal output of urea is main- 
tained, but the method of its excretion is altered, so that the 
quantity of urinary water is greatly increased ; in the second 
stage the quantity of urine is still further increased, with an 
increase in the urea, accompanied by emaciation, etc. 

Character of the urine , — The urine passed after the second 
operation contrasts greatly with the normal urine of the dog, 
inasmuch as it is very pale, abundant, and of low specific gravity 
(1*007 — 1*020). The urine contains neither albumen nor sugar. 
The blood pressure is high, considering the weak condition of the 
animal. 

Although the animals are greatly emaciated, some fatty tissue 
remains, especially in the omentum. There is an increase in the 
amount of cerebro-spinal fluid. The fragment of kidney left in 
the body has never been found hypertrophied ; often it has been 
found distinctly atrophied. 

Nitrogenous extractives of the blood and tissues , — When hy- 
druria has given way to polyuria the amount of urea in the blocxl 
and tissues — an amount which had until then been only slightly 
above the normal — begins to increase enormously. There may 



392 


THE YEAR-BOOK OP SCIENCE, 


be in the blood twenty times the noimal amount of ^^urea” 
at this time, although the animal is still excreting an amount 
greatly above the normal outi)ut. The excess of urea in the 
muscles is greater than in the liver and brain. This does not* 
prove that it is produced in the muscles, for a similar excess in 
the muscles occurs when solution of urea is simply injected into 
the jugular vein, and also after ligature of both ureters. 

The disturbance of nutrition with increased production of 
urea described above does not follow destruction of the renal 
plexus, nor does it follow free incision of the kidney with subse- 
quent suturing of the damaged organ. It is a phenomenon 
closely connected with the removal of large quantities of kidney — 
i.e., half of one kidney and the whole of the second. Inasmuch 
as the phenomena do not ensue after the first and more severe 
operation, but only after the second and compamtively trivial 
operation, it must be concluded that they are related to the 
quantity of kidney i^emoved, and not to the shock of the operation. 
{Proc. Roy. Soc.^ li. 25.) 

Minkowski communicates the results of further investigations 
on diabetes mellitus after extirpation of the pancreas. In 
experiments on cats and pigs he found that if nearly the whole 
of the pancreas were extirpated, diabetes could be produced; 
this result was not obtained if the experiment was tried on 
birds and frogs. With dogs the experiment was so performed 
that i>ieces of the pancreas were transplanted on the outside of 
the abdominal cavity ; the author then removed what was left 
behind in the abdominal cavity, and no diabetes appeared, but a 
worse form of it made its appearance if he afterwards i*emoved 
the ingrafted pieces. The excretion of sugar l eaches its maximum 
on the third day after the extirpation. After that epoch, whether 
during fast or upon an entirely meat diet, the nitrogen contained 
in the urine bears a certain and constant ratio to the sugar in 
the urine, viz., as 1 to 2-8. Possibly this ratio expresses the 
proportion in which sugar is made from proteid material in the 
body. The salivary glands cannot take the place of the pancreas 
as regards the formation in, and excretion from, the body of 
sugar. The glycosuria which results from extirpation of the 
panct*eas differs from that which is produced by Phloridzin in the 
fact that the latter is obtainable in all animals, and is accompanied 
by a low percentage of sugar in the blood, while the former 
cannot be produced in birds or in frogs, and is accompanied by an 
increase in the sugar of the blood. A dose of phloridzin increases 
the amount of sugar excreted in pancreatic diabetes. If the 
kidneys be extirpated in a dog with pancreatic diabetes, there 
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follows a marked increase of the percentage of sugar in the 
blood. The glycogen normally present in the liver early 
disappears in pancreatic diabetes. Lsevorotatory sugars can be 
assimilated by animal after removal of the pancreas just as they 
can by certain diabetic patients, without the production of any 
increase in the urinary sugar. {Berlin Klin. Wochemchr.^ No. 5, 
1892.) 

Most of the facts ascertained by Minkowski have been also 
observed by Hedon. H^don lays some stress on the variability of 
the effects in different individuals. Usually, severe and fatal 
diabetes follows complete extirpation of the jDancreas, but not 
incomplete extirpation; but occasionally incomplete removal of 
the gland induces fatal diabetes, and on the other hand complete 
extirpation fails sometimes to cause severe or lasting diabetes at 
all. This cannot be explained by vicarious action of the salivary 
glands, nor by occlusion of the bile duct, because removal of the 
salivary gland, or of the head of the pancreas, including the bile 
duct, has no effect upon the result. In pancreatic diabetes the 
tissues do not appear to use up the sugar in the blood so quickly 
as under normal circumstances, for if the aorta and vena cava are 
ligated just below the diaphragm in a normal animal the sugar 
rapidly disappears from the circulation, whereas after removal of 
the pancreas it does not become diminished, at any rate not in 
the course of an hour. {Arch, de Physiol. [5], iv, 245.) 

The theory invoked by Lupine to account for pancreatic 
diabetes, namely, the presence in normal blood of a ferment 
which breaks down the grape-sugar, has been again disputed 
by Arthus {Arch, de Physiol.j vi. 268), who finds that in fresh 
blood there is no glycolytic power, but that in blood kept at 
O'* C. for 48 hrs. there is considerable glycolytic power. The 
glycolysis is according to him due to a ferment which is 
developed in the blood as it dies. Lupine and Barral have, how- 
ever, tested their previous result as follows :--Both jugular veins 
were prepared, and the percentage of sugar in one determined at 
once, the percentage in the other being examined two hours later, 
the excised vein being inverted every five minutes to prevent the 
corpuscles forming a sediment. They declai’e that the sugar falls 
from *074 i>er cent, to *047 per cent, in the interval. The exami- 
nation of the question of glycolysis is loading to a most needful 
revision of our methods for estimating sugar in the blood. The 
proteids of the blood have to be precipitated before the sugar 
present in it can be quantitatively estimated. Most predpitants 
of piDteids carry down with them some of the sugar, as pointed 
out by Schenck in 1890» A good uew method has Iwu introduced 
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by Abeles {Zeits. f. Physiol. Chemiey xv. 72). The meai^ured 
quantity of blood is mixed with an equal bulk of absolute alcohol 
in which zinc acetate to the extent of 5 per cent, of the weight of 
the blood is dissolved. Another method is that of Seegen, which 
is modified from the older plan of Schmidt-Mulheim. To the 
diluted blood is added ferric chloride and sodium acetate, and 
then a sufficiency of sodium bicarbonate ; the mixture is boiled 
and filtered. (Centralb. f Physiol.y vi. 501.) 

G. Bunge has made a comparison between our more important 
foods and milk, which shows that the former contain a much 
greater quantity of iron than the latter. The fact is striking, for 
this particular reason — i.c., that the other constituents of the ash 
are contained in the milk in exactly the same proportion as 
in the organism of the suckling child itself, an arrangement 
which is not only beneficial to the child, but also to the mother. 
This relative want of iron in milk for the suckling^s nourish- 
ment is compensated for by the relatively high amount of iron 
which is contained in the organism of the newly-born mammal. 
The author’s analysis shows that with newly-born rabbits, the 
content of iron in the organism decreases so long as they are 
nourished by milk, but when they begin to feed themselves on 
vegetables rich in iron, the quantity of iron in their bodies again 
increases. It happens otherwise with guinea-pigs. With them 
nourishment by^milk plays a very trifling part — they begin to eat 
vegetables the day they are bom, and the quantity of iron con- 
tained in them at birth is very small. \Zeit8chr. f. Physiol. 
Chem.y xvi. 173.) 

C. Jacoby and W. V. Sobieranski, by means of sodium sulphin- 
digotate solution, which colours only the epithelium of tubuli 
ccHitorti and Henle’s “ loop,” and by carmine sodium solu- 
tion, which colours only the capillaries of the glomeruli, 
combined with use of Jacoby’s heematisator (an instrument for 
keeping up artificial respiration in an excised organ), have in- 
vestigated the living kidney, and found that the microscopical 
appearance, at least qualitatively, resembles that of the kidney in 
its normal state. They further investigated the secretion which 
the use of the above-mentioned haematisator furnishes. According 
to their analysis it contained about *5 per cent, of urea, so that 
it can be regarded as a normal, if also as a matter of fact diluted, 
secretion. {Arch. f. Path. u. Pharm.y xxix. 25.) 

H, Greenwood has made observations on retractile cilia in the 
intestine of Lumbricus terrestris. Heidenhain recently published 
a paper on the physiology of the intestinal mucous membrane, 
and based bis conclusions on varied investigations of the intestines 
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of mammals and amphibia. The authoress carried out her ex- 
periments entirely on earthworms. In this animal, posterior to 
• the oesophagus no distinct glandular diverticula are sej>arated off 
from the alimentary canal, and even if the oesophagus be included, 
the secretion of the chalk glands can hardly be regarded as more 
than indirectly concerned in the digestion of food. The formation 
of the main part of any secretion used in digestion, and the 
absorption of digested matter, depend on the epithelial lining of 
the intestine; the structure of this lining the authoress has 
described in some detail. The intestine is invested externally — 
that is, on the side turned towards the body cavity — with cluster- 
ing yellow cells, which are generally regarded as modified cells of 
the coelomic epithelium. The dorsal wall of the gut in Lumbricus 
has a longitudinal ridge of a highly vascular structure ; yellow cells 
like those which form the external coat of the gut almost cover 
its convexity. It begins gradually, and gradually fades away as 
a slight median fold, but in a certain region attains such 
complexity as to make it almost fan-shaped in transverse section. 
The epithelium consists of two different kinds of cells — firstly of 
secreting cells which the authoress considers unicellular glands. 
These are elongated oval cells, hardly reaching the free surface of 
the gut. In prepared specimens one perceives a fine network in 
these cells — the nucleus lies bedded in this. The second kind 
of cells are the ciliated cells. Some of them possess cilia, 
similar to those in the mucous membrane in the mouth of 
Triton, projecting from an apparently hyaline rim. Other 
very long extended cells with distinct longitudinal striation 
appear as continuations of the cilia which pierce the hyaline rim. 
Another and third kind of cell possesses strikingly short cilia 
and a very thick rim, under which lies a large vacuole. Besides 
the above-named cells others were found which possess Heiden- 
hain’s “rodlets.^' 

The conclusions drawn from the above investigations are as 
follows : — 

(1) The digestion of food in Lumbricus is effected chiefly by 
secretion, which takes its origin in the granules of unicellular 
glands. The glandular cells are isolated. They occasionally 
occur throughout the length of the longitudinal ridge, and also 
over corresponding regions of the gut walls. They abound most in 
a zone, the limits of which are rather variable, but which might 
be placed between segments 25 and 50. At any point this 
longitudinal ridge is more glandular than are tlie walls of the 
alimentary canal. 

(2) The absorption of digested food is apparently carried out 
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by the cells by which the glands are surrounded. These are 
elongated ; they branch internally, and have not firm lateral 
connections. Their external edges (those turned toward the , 
cavity of the intestine) expand, and appear to meet over the 
depressed gland cells. A hyaline rim or band is present, and may 
be pierced by, or perhaps gives rise to, cilia; but during the 
digestion of fat, any epithelium cells by which it is absorbed show 
a striated or rodded external border, replacing the active cilia. 
These cells are localised in a zone-like fashion, and recall the 
distribution of the unicellular glands, and are more striking on 
the longitudinal ridge than on the gut walls. 

It is less easy to distinguish a connection between the 
absorption of matters in solution, and structural change in the 
epithelium cells, but it may be mentioned that cilia are occasionally 
absent from the larger part of the longitudinal ridge — i.e., from an 
area much larger than that over which the ingestion of fat extends. 

(3) It seems possible that there is a certain excretion of solid 
matter into the cavity of the gut of Lumbricus. This matter is 
gathered into masses below or between the epithelium cells, and 
the fact that these accumulations vary in solidity perhaps points 
to the occurrence of some final metabolic process, while they still 
ramain between the intestinal cells. IJourn. of Physiol,^ xiii. 
239.) 

In researches on ferment actions of the pancreas in different 
animals by V. Harris and W. Gow the authors sought to obtain 
information on the following points, viz. : — 

(1) Whether the ferments which the pancreas is generally 
supposed to possess exist in the pancreases of animals of different 
classes, and if so, whether there is a great difference to be found 
in the activity or quantity of each ferment in each class. 

(2) Whether the activity or amount of the ferments has any 
constant relation to the food of the animal. 

(3) Whether the ferments of the human pancreas arc markedly 
affected in activity or quantity in morbid conditions of the body. 

(4) Whether, besides the generally accepted pancreatic 
ferments, the gland possesses additional ferment action, such as in 
inverting cane sugar, or in having any chemical effect upon dry 
starch. The experiments made to test whether the usual ferments 
were present in the mammals that the authors were able to 
employ are in two divisions, qualitative and quantitative experi- 
ments; the former dealing with four different ferment actions, 
the latter with only two. In the qualitative experiments many, 
more or less complete, are made on the pancreases of various 
wumals to discover whether they contain ferments (1) converting 
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Starch intg sugar — i.«., diastasic or amylolytic ; (2) converting 
proteids into peptones — proteolytic ; (3) splitting fats into 
their fatty acids and glycerine — lipolytic ; (4) curdling milk — 
rennet. The experiments detailed are very numerous, 
with varying amounts of the extracts, and were done in flasks in 
the cases of the amylolytic, tryptic, and rennet ferments. The 
observations made on flask digestion of starch appear to show : — 
(1) That a certain definite amount of ferment must be present 
before any change occurs, as below a certain minimum no 
diastasic action can be demonstrated. This fact was observed by 
the authors several times. (2) That a certain definite quantity 
of the pancreatic extract can do a certain amount of work and no 
more. The amount of fermentation done varies in different 
animals considerably. The action of the ferment is therefore 
limited, and the removal of the product of the action— i.e., the 
dextrin and sugar formed is not sufficient to indefinitely prolong 
the change. (3) that the power of conversion of starch into 
dextrin may be very active, whilst the further power of changing 
dextrin into sugar may be only feebly present. (4) That a mode- 
rately high temperature, viz., 40° C. to 45° C., seems to be the optimum 
for the diastasic change. The proteolytic or tryptic experiments 
were also flask experiments, and the tryptic action of the pancreatic 
extracts on fibrin are found to be active with man, lion, pig, dog, 
cat, fox, deer, eagle, ox, etc., slightly active with gazelle, badger, 
leopard, serval, and wallaby, but in no case is it wholly inactive. 
The authors are not able to demonstrate the presence of any fat- 
splitting ferments in extracts of pancreases which have been kej)t 
in spirit, but in some instances, however, there is satisfactory 
evidence of the presence of a ferment in fresh pancreases acting 
upon fats. This action is most marked in the dog^s pancreas, less 
so in the pig, and is practically absent in the human pancreas, 
and also in the cat’s. Brine extracts of pancreas mixed with oil 
fail to lead to development of any acid. The authors think there 
is no possible doubt as to the great frequency of a rennet ferment 
existing in pancreatic juice. The pancreatic extracts of man, 
dog, pig, and cat, are all very active in their power of curdling 
milk. Also those in several varieties of eagle, but that of the 
rhea is inactive. There seems to be no relation between the 
activity of the rennet ferment and that of the diastasic ferment. 
The pancreas of the horse produces rapid and firm clotting, but 
its diastasic activity is very slight. 

According to another observer’s recent researches the presence 
of sodium chloride appears to aid the action of the rennet ferment. 
Diflerences seem to exist in the pancreatic extracts of different 
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animals. The authors have not been able to discover any fixed 
rate as to the amount or activity of the pancreatic ferments in 
different classes of mammals. It is remarkable that such irregular < 
results should be obtained. This irregularity may be due to the 
condition of the animal at the time of death, whether healthy or 
unhealthy, in good condition or wasted, and also the time which 
has elapsed since its last meal. Of the four ferments dealt with, 
the tryptic ferment is by far the most general and hardy ; next to 
that the rennet, next the diastasic, and lastly the fat-splitting 
ferment. It appears that the pancreases of carnivorous animals 
have very little or no power of converting starch into sugar, and 
do not possess any rennet ferment. The fat-splitting ferment is 
not commonly present in pancreatic extracts. No conclusions 
can be drawn with reference to the rennet ferment, except that 
it is more often present than not, and that in some pancreases it 
is very powerful. It is an interesting fact that only the following 
animals appear in the first class as regards the activities of all of 
their ferments — the man, pig, ox, and sea-eagle. The authors 
think the general statement allowable that the activity of the 
human pancreas may be considerably diminished in wasting 
disease. Several experiments were made with pigs’ pancreases to 
discover wdiether any inversive ferment is present which has the 
power of converting cane-sugar into dextrose and Isevulose. 
Neither active brine extracts of pancreas nor fresh pig’s pancreas 
has the power of inverting cane-sugar into an alkaline medium. 
Fresh pig’s pancreas appears to have the power of converting raw 
starch into dextrin. These experiments prove that antiseptics do 
not interfere with the action of the unorganised ferments of the 
pancreas. {Jmirn, of Physiol, y xiii. 469.) 

8. FrUnkel finds that to obtain glycogen without boiling, the 
following is a very simple method — it instantly furnishes a 
perfectly pure preparation and serves for quantitative estimation. 
To obtain large quantities the quickly-mashed liver is thrown 
into a solution of from 2 to 4 per cent, trichloracetic acid. The 
organ is rubbed down in this for a short time, then is filtered, 
afterwards washed with the same solution. The filtrate is 
precipitated with twice its volume of alcohol, the glycogen put 
on a filter with 60 per cent, alcohol till the cessation of acid 
reaction, then washed with 95 per cent, absolute alcohol, 
finally with ether. The product is snow-white, almost free of 
ash, quite free of nitrogen. In quantitative estimations the organ 
is rubbed down after filtering off the first extract with water 
to which some trichloracetic acid has been added, till the filtrate 
yields no longer an iodine reaction. The glycogen prepared by 
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this method has been used — it possesses the usual well-known, 
properties. Its composition corresponds with Kiiby’s formula : 
6 (C,Hio 05 ) + Ha O. The author has recently determined the 
rotetion power of glycogen, because the previous results differ 
very much. He finds that the substance dried at 110° has a 
pacific rotation : [a] 3 = 197 *891°, either when prepared according 
to new methods or according to old methods. 

If liver quickly ground down is hardened in 95 per cent., then 
in absolute alcohol (the alcohol afterwards washed out with ether) 
and put in the air to dry, no trace of glycogen can be found in 
the finely-ground mass left in the water. With the addition of 
sublimate or chloride of zinc hydrochloric acid, mercury potassium 
iodide to the water, boiling with or without caustic potash, 
glycogen is dissolved at once. Either the glycogen is so enveloped 
in coagulated albumen by the action of the alcohol that it cannot 
dissolve, or it may be part of a complicated formation contained 
in the liver, and which is insoluble in water. If one mixes egg- 
albumen with glycogen and adds to the solution alcohol, and rubs 
down the precipitate, after treatment with ether the glycogen 
cannot be dissolved either by cold water or sublimate or zinc 
chloride or trichloracetic acid ; it can only be extracted by long 
boiling with or without the addition of alcohol. The author 
inclines to the view that glycogen is not free in the liver, and he 
goes on to state the following investigations : — No glycogen, or 
only a small quantity, can be extracted from a fresh liver which 
has been ground down with water or normal saline, which has 
already been observed by Langley and Nasse. The latter 
employed chloroform water, and was of an opinion that 
the glycogen could not be found in the fiuid because on its 
entering solution it was at once turned into sugar by the liver 
ferment. 

The author, in order to on the one hand avoid breaking up 
of the hypothetical compound containing glycogen, and on the 
other hand to set aside all ferment action, rubbed down 
fresh liver with 6 per cent, caustic potash solution. The filtrate 
when precipitated with alcohol does not yield glycogen. This 
succeeds even better with concentrated solution of soda, which 
destroys the ferment of the liver. As to what is the nature of the 
supposed body containing the glycogen the author concludes that 
it is proteid. {Pliiger^s Arch,^ li\ 125.) 

Trambusti, experimenting with dogs, finds that as a consequence 
of the removal of the cceliac plexus, glycogenic and hyaline 
metamorphoses supervene in organs connected with the plexus 
(liver, kidney) and in these alone* The changes affect not 
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only the blood vessels, but also the cells of the liver and 
kidney, and depend upon an actual degeneration of the pro- 
toplasm, and not upon mere infiltration. The author further 
experimented with rabbits and dogs in order to ascertain 
whether these changes could result from acetone poisoning or 
inanition, as has been supposed. The experiments lend no 
support to this supposition. {CentralbL f, allgem, Patlwlogie^ 
Sept. 10th.) 

Of the action of the unorganised ferments, one characteristic 
is, according to G. Tamm'ann, the incompleteness of the degree to 
which they attack the material under fermentation. At the termi* 
nation of their activity a greater or less quantity of the fermentable 
material is still unchanged. This is because (1) the ferments 
themselves are rendered powerless by the products of the 
fermentation ; and (2) the ferments in solution themselves 
decompose, especially if the temperature be over 50° C. This 
incompleteness of action does not characterise tlie decompositions 
brought about by acids or by heat. Tammann discriminates 
“fermentations in homogeneous systems from ^^fermentations in 
heterogeneous systems.^' In the former the fermentable matter 
and the products of its decomposition are both present in the 
solution from the beginning to the end. (Examples : Action of 
emulsin on amygdalin, sesculin, daphnin, coniferin ; the invci'sion 
of cane-sugar by invertin and koyi.) In the latter the ferment 
either acts upon insoluble substances and produces soluble from 
them (salivary, gastric, pancreatic digestion), or produces from 
them substances partly soluble and partly gaseous or insoluble 
(clotting of blood, of muscle, of milk). The incompleteness of the 
fermentation can usually be changed into completeness by either 
removing the products of the action as fast as they are formed 
(as done by Kuhne in his experiments on the action of pepsin), 
or by adding a large amount of the ferment during the fermenta- 
tion. In this way certain natural fermentations are complete in 
their results — e.^., the clotting of milk by the gastric juice. With 
increase of the amount of ferment present, the proportion of the 
fermentable substance ultimately fermented is increased up to a 
certain maximum. Increase of the quantity of ferment also 
raises the degree of temperature which is best for the fermenta- 
tion. But it must be remembered that the process of fermenta- 
tion, of fermentive decomposition, includes three distinct reactions 
which proceed at very different rates. (1) That reaction which is 
hastened by the ferment — i.e., that in result of which the 
fermentable material is decomposed. (2) That conversion of the 
ferment into a modification of it which is inactive. (3) The 
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decomposition of the ferment.' So that it is clearly impossible to 
express in simple ratios universal laws for the speed, complete- 
ness, etc., of fermentations in general. It is only possible at 
present to find out empirically rules applicable to special instances. 
It is shown by Tammann for invertin and cane-sugar (and other 
workei’s have proved the same for certain other cases) that the 
speed of the ferment-action is increased by increase of the amount 
of ferment. With a unit quantity of ferment the initial speed of 
fermentation is greater in dilute solutions of the fermentable 
matter than in concentrated. When the ferment action is lialf- 
way through, its speed is greater in the concentrated solution than 
in the dilute. As regards temperature, it is remarkable that 
ferment actions disclose an optimum of temperature to which 
decompositions by acids, etc., are relatively indifferent. {Zeita,/. 
riiyaiol, CView., xvi., 271.) 

-Salvioli and Albanese have given two further contributions to 
the study of fatigue from Mosso’s laboratory. Salvioli tired dogs 
by means of the turnspit wheel and investigated the gastric juice, 
a secretion of which he produced either by introducing indigestible 
material or by direct stimulation of the mucous membrane by 
means of a feather. He found that the fasting stomach contains 
no gastric juice, and that the secretion of the juice varies day by 
day. When excited by mechanical means the juice secreted con- 
tains not onl}' free HCl, but all components essential for digestion. 
He also proves regarding the influence of fatigue on digestion 
that a tired dog apparently secretes little gastric juice, and this is 
of remarkably poor acidity, contains a smaller total of Cl than the 
normal, and has to a great extent lost the power to digest ; but 
the passage of little bits of white of egg fiom the stomach into 
the intestine occurs more often in animals which are working 
than with those which are at rest. In the case of the first, the 
percentage of solid matters in the juice is lowered, but the 
quantity of mucus can increase so much as to often make the 
whole contents of the stomach. The normal condition returns 
after about two houiV rest. 

From the investigations of the second author it appears that 
an extraordinary field of research is 0 ]r>ened by the extirpation of 
the suprarenal capsules. Arguing from the already established 
fact, that death sets in earlier after extirpation of the suprareiials 
if instead of rest the animals are put to active movements, 
Albanese, after destroying the suprareiials in them, tired out frogs 
and rabbits by means of muscular work produced electrically. He 
found that those animals wdiich were allowed to rest lived five or six 
days after the operation, but those which had to do muscular work 
A A 
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died the day following. The same results occurred both with 
frogs and rabbits, only with the latter the respiration was more 
altered. The rate of respiration became slower and shallower, . 
the whole being accompanied by increasing cyanosis of the ears 
and a fall of temperature. With rabbits also, as with frogs, the 
heart was the “ ultimum moriens ; ” it cotitinued to beat two or 
three minutes after stoppage of the respiration. 

If normal animals were tired in exactly the same way 
symptoms appeared which corresponded precisely with those at 
tiie commencement of that progressive paralysis which occurs in 
animals from which the suprarenals have been extirpated, but 
these animals made a quick recovery. The symptoms soon ceased 
to be very similar to those which occurred in animals frcm which 
the suprarenals had been removed. 

The author in conclusion accepts the hypothesis that the 
suprarenal glands, under normal circumstances, destroy, or at least 
transform, a toxic substance which is formed in the body by the 
activity of muscles and nerves. {Arch. Ital. de Biologic^ xvii. 248 
and 239.) 

Haldane and L. Smith have re-examined the question as to the 
nature of the toxic matter in air vitiated by respiration, and 
come to conclusions opposed to those recently brought forward by 
Brown-Sequard and D’Arsonval, but in harmony with those 
previously expressed by Pettenkofer’s pupils, Hermans, Lehmann, 
and Jessen. The two French observers suppose that volatile 
poisons are exhaled with the breath, and can be obtained by con- 
densing the vapour of the breath. Dastre and Loye showed, 
however, six years ago, that the injection intravenously of 
large quantities of pulmonary condensations is no more fatal than 
injections of distilled water. Haldane and L. Smith now show 
that the only toxic material in expired air is the carbonic 
acid. The immediate dangers from breathing air highly vitiated 
by respiration arise entirely from the excess of carbonic acid and 
the deficiency of oxygen, and not from any special poison. Hyper- 
pnoea (exaggerated activity of the respiratory movements) occurs 
when air vitiated by breathing is respired This hyperpnoea 
is due to excess of carbonic acid, and is not appreciably affected 
by the corresponding deficiency of oxygen. The hyperpnoea is 
apparent as soon as the carbonic acid rises in amount to 3 — 4 per 
cent. At 10 per cent, there is great distress. (The amount of 
COg in healthy air is *04 per cent.) Excess of carbonic acid is 
likewise the cause of the frontal headache produced by vitiated 
air. Hyperpnoea from defect of oxygen begins to bc appreciable 
when the oxygen in the air breathed has fallen to a point which 
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seems to differ in different individuals, usually about 10 per cent. 
{Jbur. of Pathology^ i. 168.) 

Muscle and nerve. 

A. Maggiora, with the help of Mosso’s ergograpb, has investi> 
gated the effect of massage, under various conditions, upon human 
muscle. The hand is fixed in the apparatus, and to the middle 
finger is attached a weight. When the finger is exhausted by 
moving the weight the fatigue is traceable by the flexion curve, 
which itself can be estimated for comparative investigation. The 
fatigue produced in the muscles of the finger by lifting the weight a 
certain number of times in rapid succession is record^ graphically 
upon a registering surface over which a light lever attached to 
the weight travels. 

Numerous tables illustrate the paper, the chief conclusion of 
which is that massage increases the working power of muscles. 
The action of massage is in proportion to its duration within 
short limits (about five minutes). The tired muscle recovei*s 
much earlier if it is massaged than it does if left to itself. Of the 
forms of massage, “ Petrissage proves to be more effectual than 
the Percussion,” and the latter is more so than the “ Frotte- 
ment.” 

Under stress of work, other organs than those directly involved 
suffer fatigue — c.^., the limb muscles by excessive talking, and so 
on. In such cases the effect of massage on the tired muscle is 
shown distinctly. This is found with muscles which have been 
weakened by fasting and fever. The injurious effect of ansemia 
on muscle is by massage rather increased than diminished. 
These facts stand well in accordance with the view that apparently 
the good done by kneading a muscle rests on its furnishing more 
nutritive material to the muscle rather than removing from it 
products of muscular action. In the experiments the movements 
of the muscle of the finger were mostly voluntary, often also 
they were caused by faradic stimulation of the nerves, or by direct 
stimulation of the muscia (Arch. Italiennes de Biologie^ xvi., 
225.) 

Langley and Anderson have lately published an interesting 
paper on the mechanism of the movements of the iris — a subject 
which has been under discussion for the last fifty years. In all 
their experiments anaesthetics were used — rabbits, cats, and dogs 
being employed for the investigations. In giving a brief summary 
of the theories which have, with any plausibility, been put 
forward to explain the dilation of the pupil, they deal only with 
the effect produced by stiinuiating the sympathetic nerve, for that 
A A 2 
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lies at the root of the matter; and the view taken as to, the 
dilation caused in other ways will depend on what is shown to be 
the cause of the sympathetic dilation. Some of the theories to bee 
considered are: — (1) That dilation is due to the action of the 
sympathetic vaso-constrictor nerves. There are two ways in 
which the contraction of the blood-vessels of the iris, induced by 
the vaso-constrictor nerve-fibres, might cause dilation of the pupil 
— (a) by decreasing the quantity of blood in the iris so that it 
shrinks, (6) by a longitudinal contraction of the radial arteries of 
the iris — this contraction dragging the sphincter outwards. (2) 
That dilation of the pupil is caused by the contraction of mdially 
ari*anged muscular fibres. (3) That dilation is caused by inhibi- 
tion of the sphincter muscle. (4) It is possible that in cei-tain 
circumstances some degree of dilation of the pupil might be 
catised by a relaxation of the ciliary muscle. By such relaxation 
the elasticity of part of the ciliary region and the anterior part of 
the choroid would come into play and pull the iris back. (5) 
Finally the dilation might be due to simultaneous action of more 
than one of the above causes. 

The first part of the paper is a critical account of the 
experimental theories which have been given for and against the 
existence of a dilator muscle in the iris ; and on reviewing the 
evidences of these theories as to the way in which the sympathetic 
causes dilation of the pupil, the authors find them to be incon- 
clusive, and from their own experiments they draw the following 
conclusions : — For the dilator muscle it has been thought that the 
sphincter muscle is dead at a time when the cervical sympathetic 
nerve will still cause a dilation of the pupil. The rapid death of 
the sphincter has been shown by Brown-Sequard not to occur. 
That the occurrence of a local dilation of the pupil shows the 
presence of a radial muscle. It may, however, be produced by 
local contraction of blood-vessels, or by local inhibition of the 
sphincter muscle. That dilation of the pupil in rabbits may be 
obtained after removal of the sphincter. But this might be due 
to a contraction of the blood-vessels of the iris, or perhaps to a 
mechanical bulging of the lens. 

Against the dilator muscle it has been urged: — That the 
ciliary portion of the iris does not contract with warmth like the 
sphincter portion ; this is so, but the difference is only one of 
degree. That the sphincter can be made to dilate by direct 
stimulation, and that perhaps the sympathetic acts in a similar 
way and inhibits the sphincter. This conclusion is merely 
a probability, and direct proof of it has not been brought 
forward. 
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In favour of the dilation being caused in some other way than 
by action of the blood-vessels it has been said : — That on stimu- 
lation of certain nerves the contraction of the blood-vessels of 
various parts of the head does not occur synchronously with the 
dilation of the pupil, and that probably the blood-vessels of the 
iris contract simultaneously with the other blood-vessels of the 
head. The fact, however, is that contraction of the blood-vessels 
in the iris cannot be safely judged from the state of blood-vessels 
in the other parts of the head. That atropin causes dilation of 
the pupil without causing any constriction of the blood-vessels. 
But this does not show how the sympathetic causes dilation. 
From the whole of the previous observations there seems a 
probability that the sympathetic causes the dilation, not by 
producing a contraction of the blood-vessels, but partly by causing 
a contraction of the dilator muscle and partly by causing an 
inhibition of the sphincter muscle. The authors have made a 
direct examination of the iris during the stimulation of the 
cervical sympathetic, and it shows that the pupil dilates before 
the vessels contract ; and assuming that the longitudinal muscular 
coat of the arteries contracts simultaneously with the circular 
coat, it shows that the sympathetic dilation of the pupil is not 
due to a contraction of the blood-vessela Some radially arranged 
contractile substance exists in the iris, for when local dilation of 
the pupil passes a certain limit, the opposite side of the iris is 
dragged towards the stimulated side. This local dilation is not 
produced by an inhibition of the sphincter muscle, for that can be 
made to contract locally at the same time, its contraction l>eing 
greatest at the most dilated portion of the pupil. Further, 
stimulation of the sympathetic causes shortening of a radial 
strip of the iris, isolated from the iris on cither side of ,it, and 
this shortening may be obtained before or without any contraction 
of the blood-vessels in it ; and on examination of the posterior 
surface of the iris small waves of contraction can be seen on it 
when the sympathetic is stimulated. Another proof of the 
absence of elastic tissue in the iris is that a radial strip does not 
always retract on being stretched, as it would do if it contained 
elastic tissue ; and if the iris be left till its muscular tissue is dead, 
a radial strip of it does not shorten as it would if the sympathetic 
dilation of the pupil were due to elastic tissue pulling outwards 
an inhibited sphincter. The authors have not found that the 
sympathetic causes an inhibition of the sphincter muscle — ^it 
causes radial shortening of a portion of the iris without the least 
trace of relaxation in the tone of the sphincter boi*der. Notwith- 
standing the proof that a radial contractile substance exists in 
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the iris, it is not yet satisfactorily settled that it is of the form of 
ordinary unstiiated muscular tissue. (Jour, of Physiol.y vol. xiii., 
554.) 

W. P. Lombard has studied some of the influences which affect 
the power of voluntary contractions of the muscles. The experi- 
ments were earned on upon himself, and to test the suspicion 
that a preconceived notion liad an influence on the result, he 
endeavoured before each experiment to make an estimate of the 
probable outcome. In this his failures were far more numerous 
than his successes ; but although peraonally convinced that in 
this line of research his mental attitude had little or no influence 
on the result, for the sake of proving this to others he conducted 
his exjxjriments in such a manner as to exclude as far as i)ossible 
the influence of the mind. The work was accomplished with the 
flexor muscles of the second finger, and, except in a few cases, 
with the left hand. The arm rested on a support, the hand fixed 
by the insertion of the first and third fingers in closely-fitting 
tubes, and the placing of a firm cushion behind the knuckles. 
A collar of leather surrounded the second phalanx of the second 
finger, and connected it with a strong gut cord, which passed over 
a pulley to the weight attached. A weight of two kilos was used 
in all the exjieriments at the beginning, and later weights of tliree, 
four and five kilos were employed. The movements of the finger 
were traced on the smoked paper of a kyraographion drum. 
The chief results obtained by the author were as follows : — If a 
muscle is contracted voluntarily, frequently, and each time it is 
made to raise a fairly heavy weight, the ix)wer quickly falls off, 
and in time the muscle cannot raise the weight. If, however, the 
weight is striven to be lifted, the power is periodically obtained 
again, more or less completely. The influences which are found 
to affect the voluntary power of the subject may be regarded as those 
controlling the activity and fatigue of the special central nervous 
mechanisms, which develop, or transmit, the voluntary impulse to 
the nerve-fibres that supply the flexor muscles of the second 
finger. Experiments which have been made with other parts 
prove that other similar mechanisms are affected in the same 
manner. The following influences were observed : — 

(1) Those which lessen the power of performing voluntary 
muscular work, are general and local fatigue, hunger, falling 
atmospheric pressure (including the regular and irregular varia- 
tions), high temperature (especially if accompanied with much 
humidity), tobacco. 

(2) Those which increase the ability to do voluntary mus- 
cular work, are exercise, rest (especially sleep), food, increasing 
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atmospheric pressure (including regular and irregular variations), 
and alcohol 

The author found that exercise acts in the same way as sleep 
and food, and the effect of it shows itself in such a marked 
manner as frequently to disguise the action of other influences. 
While food and sleep act solely as restorers of strength, exercise 
increases the power. Sleep has a greater effect than food, and is 
more beneficial than rest taken when aw'akc, probably because 
during sleep the -restorative processes go on without opposition. 
Just as the power of activity is seen to be diminished by work 
done during tne day, it is seen to be increased by the rest 
obtained during the night. As the experiments are proceeded 
with, the loss of power resulting from the work of each day is 
decreased ; therefore the amount of strength gained by the night^s 
rest is relatively lessened ; but the influence of exercise, on the 
contrary, becomes more marked as the work goes on. Alteration 
produced by weather, although shown on several days, is some- 
times subordinate to these influences ; but if the subject does not 
sleep well, or his general condition undergoes changes, these facts 
woufd probably have an important effect. A rising barometer 
favours the influence of exercise, sleep, and food to increase the 
power, while a falling barometer opposes them, perhaps over- 
comes their effect and diminishes the strength. Tobacco acts 
vigorously, as does also alcohol. The former occasionally prevents 
the effect of a rising barometer or of nourishment exhibiting 
itself, and even appears to lessen the influence of exercise. Alcohol 
taken in small quantities increases the strength even when the 
barometer is falling. Therefore tobacco and alcohol are inclined 
to neutralise each other’s effects, the action of one or the other 
being exhibited according to the strength of the dose. The 
influence of either of them is merely temporary, lasting but for 
an hour or two. These statements only refer to small doses 
of alcohol. Had large quantities of alcohol been taken it is 
possible that the primary strengthening influence would have 
been succeeded by depressing after-effects. {Jour, of Physiol., 
xiii., 1.) 

Chauveau, in making investigation of the sensorimotor nerve- 
circuit ” of muscles, holds it as probable that in the voluntary 
muscles the motor nerves are in direct continuity with the 
sensory nerves. The author decides, therefore, upon using the 
term “nerve-circuit,” an expression which has already been 
employed by Charles Bell. 

The muscle itself is not a member of the sensorimotor 
chain; the chain is made up of sensory nerves, sensory and 
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motor cells, and motor nerves. The muscular element only 
touches the circuit tangentially by means of the motor end 
plate. In the visceral muscles the peripheral connection between 
centrifugal and centripetal nerves is realised by the intra-muscular 
nerve plexus containing nerve cells. 

Sensory and motor fibres to the musculus sterno-maxillaris 
(sterno-mastoideus) of the horse are, at a certain distance from the 
muscle, completely separate. The motor and sensory twigs 
unite to form the nerve trunk of the muscle. 

Stimulation of the motor nerve when undivided, or stimula- 
tion of the peripheral end of the nerves when divided, evokes 
contmction of the muscles. Stimulation of the central end of 
the cut nerve gives no result. Weak stimulation of the sensory 
nerves causes reflex contraction, usually confined to the musculus 
sterno-maxillaris. To cause contraction of other muscles the 
stimulation must be somewhat stronger. Stimulation of the 
peripheral end of the sensory nerves when cut remained 
without effect. The sensory nerves of the muscle therefore 
form, together with the central nervous cells, a circuit in which 
the impulses always progress in the same direction till they meet 
the muscle and cause contraction. A weak stimulation of the 
sensory nerve is perfectly reflected on to the motor path to the 
muscle by the central cells; a strong stimulation of the 
afferent nerve on once reaching the central nervous system can 
here irradiate in many directions and bring other muscles into 
play. 

Section of the motor nerve paralyses the muscle ; section of 
the sensory nerve appears to have no effect on the voluntary 
power of the muscle, as well as none on its nutrition. The 
muscle, when deprived of its sensory supply for several weeks, 
still {>ossesses a normal appearance to the naked eye and also 
to microscopic examination. 

Claude Bernard, in his experiments in which the whole 
of the posterior roots of the lumbar nerves on one side were 
cut through, met with altogether diflferent results. The volun- 
tary movement was deeply injured after this opei^ation. The 
motor disturbance could not be ascribed to interruption of the 
sensory paths of the cutaneous nerves, therefore must depend on 
destruction of the sensory nerves of the muscles. Chauveau 
cut all the sensory nerves of a pigeon’s foot and a horse’s foot 
without causing the slightest disturbance of progression. During 
sleep the pigeon operated upon stood as often on the foot deprived 
of its sensory nerves as on the uninjured foot. 

In the gullet of the horse one finds an anatomical separation 
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of the motor nerve and the sensory also. The sensory fibres 
supply the muscles and the mucous membrane. The sensory fibres 
take no part in the act of swallowing — this is proved by section 
of the oesophagus and section of the nerves of the mucous 
niembmne. Section of the motor fibres of both sides destroys 
the ]>eristaltic movement of the muscles of the oesophagus. 
Section of one side alone does not interfere with the movement. 
Complete section of the sensory fibres cause? injury — for instance, 
paralysis and ataxia of the middle of the lower portion of the 
oesophagus. Section of the vagus of one side does not always 
at once upset the act of swallowing. Later the act appears to 
be performed with difficulty. Tetanic stimulation of the peri- 
pheral ends of the motor fibres causes tetanic contraction of the 
muscles of the oe 30 [)hagus. Stimulation of the central end is 
generally without effect. Yet the motor branches appear in 
some cases to contain sensory fibres. Very weak stimulation of 
the peripheral ends of the vagus nerve that has been cut by the 
section exercises no influence on the cesophagus. Very weak 
and short stimulation of the central end of the vagus nerve 
always causes a reflex “ total tetanic ” movement. Veiy strik- 
ing are the results of section and stimulation of the central 
ends of the sensory branches, which supply the lower throat 
portion of the oesophagus. A completion of the whole “ sensori- 
motor circuit is an absolute necessity for normal movement of 
the oesophagus. 

For details, and a theory of the cause of the variable 
results of section of sensory nerve fibres of a single muscle 
(musculus sterno-maxillaris), or the sensory innervation of 
complexes of muscles (muscles of the oesophagus, muscles 
of the posterior extremity), the original work must be referred 
to. The author goes on to relate his experiments on direct 
mechanical or electrical stimulation of the motor or sensory 
groups of ganglion cells of the medulla oblongata, and the 
spinal cord of the horse. In both cases a motor reaction in the 
muscles was observed similar to that which was alluded to before 
during stimulation of the peripheral, sensory, and motor parts of 
the “ sensorimotor circuit of nerves.” Abolition of the circula- 
tion quickly destroys the functional capacity of the sensory 
centre of the spinal cord, while the motor centres remain excitable 
for some minutes. Several examples are given of co-ordinated 
movements, which are induced by stimulation of sensory nerves 
in the spinal cord of the horse after removal of the oblongata 
medulla, movement of inspiration on stimulation of the 
rami intercostal perforantes. Also co-ordinate movements of 
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the posterior extremities, such as kicking, after stimulation of 
the sensory nerves of the foot. IMdmoires Soc, de Biologiej 
156.) 

Ck>ltz records observations upon three dogs from which both 
herois])heres of the brain were removed. After recovery from the 
surgical effects of the operation, the animals walked and moved 
about in a normal fashion. One of them, kept under observation 
for a year and a half, wandered constantly restlessly about. At 
night sleep was enjoyed, rolled up in the manner usual with dogs. 
A loud sound, such as the blast of a bicycle horn, is required 
to break sleep ; when awake, the same noise elicits a shake of 
the ear. A sudden light causes closure of the eyes and a turning 
of the head. To a pinch of the skin the animals react with a 
growl or snap, and if the foot is held the animal tries to escape 
much as a normal dog might do, but rather clumsily. If, as the 
animal stands quiet, one of its feet is moved into a slightly 
strained or uncomfortable position, the position is immediately 
corrected. If the dog is placed upon a table, in which a little trap 
door is cut, so that one foot is set upon the trap door, and if then 
the trap is slowly let down, the foot is allowed to sink with the 
trap a little way, but a little way only. If the dog in running 
about hurts its foot, it will afterwards limp for several days upon 
three legs. It is able, therefore, to co-ordinate movements that 
are quite unusual to it. At first the animals have to be fed ; 
they cannot feed themselves. After some months they are able to 
help themselves, but to start the feeding each day it is necessary 
to dip the muzzle into the dish containing food. If a little 
quinine (bitter) be added to their meat and milk they reject it 
with expressions of disgust. The animals are absolutely wanting 
in the higher intellectual qualities. Of the barking of other 
dogs, the caresses and stroking, etc., of their master, they take 
no notice whatever. Although when food is put to the mouth 
they seize and devour it, food is never sought for. If the coat is 
di*enched with water, the animal shivers, but never attempts 
to shake, lick, or dry itself in any way. The fore-feet, although 
used for progression, are never employed to steady a bone or 
piece of food, and there is no propensity to scrape the ground. 
The animals are absolutely devoid of memory. Whenever they 
are taken out of the cage to be fed they show signs of anger — 
they bark loudly, snap, and struggle in every limb, evidently 
never learning that they are taken out to be fed. Only very 
occasionally do they exhibit any signs of expression. If they are 
a longer time than usual without food, they run more quickly 
round the cage, put their fore-feet through the railings, and show 
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signs of impatience. The animals are also capable of movement, 
taking nourishment, the sense of taste, hearing, capable of using 
their muscles, and so on. For the rest they are in a complete 
state of imbecility. Only during feeding do they show any 
sensations of pleasure. They also appear to know when their 
appetite is appeased — after eating the usual quantity of food they 
always refused to take more. The symptoms of having had the 
brain removed remained observable mainly in the want of 
expressions, from which could be drawn conclusions as to reason, 
memory, and intelligence. When the animals were killed, it 
was found that the entire cortex of the hemisphere of the brain, 
with the exception of the lowest end of the temporal lobe, had 
been removed. The remaining piece was atrophied, and showed 
yellowish-brown “ softening.” Further, a part only of the basal 
ganglia were present, and these also were in a condition of 
brownish-yellow softening. 

It is probable that in the pathological cases of extensive softening 
of the brain in man a similar condition is present, and that the 
most helpless imbeciles of the madhouse are devoid of cerebral 
hemispheres. {Plluger^a Arch,^ IL, 570.) 

Ladani experimented on dogs and monkeys. Section of the 
cerebellum, so as to divide it into right and left halves, produces 
permanent impairment of all voluntary movement, accompanied 
by diminution of the elastic tonus of the muscles when at rest, 
and tremor, intermittent action, and uncertainty of the muscles 
when in activity. With time the symptoms abate, but do not 
disappear. Extirj>ation of the vermis of the cerebellum induces, 
after temporary increase of tonus of the muscles of the neck and 
fore-limbs, a condition of lessened tonus and weakness, especially 
marked in the hind-limbs. In the course of a year recovery, 
almost complete, ensues. 

Complete removal of one lateral half of the cerebellum was 
followed at first by tonic rigidity of the muscles oh the same 
side as the injury of the cerebellum, and by turning of the 
eyes to the side of the injuiy. Then followed weakness and 
loss of tonus on the musculature of the same side. Almost 
complete extirpation of the entire cerebellum induced, during 
the ten days immediately following the operation, tonic rigidity 
of the muscles of the neck and fore-limbs, and clonic movements 
of the hind-limbs. Tlie eyes converged strongly. Holding the 
animal up by the neck caused general convulsions. Then for 
a month there succeeded weakness and loss of tonus, especially 
in the muscles of the neck and hind-limbs. The animal could 
not walk or stand, but could swim. In the course of a year 
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the animal had learnt to walk, but somewhat clumsily. Sen- 
Nation and intellect remained intact. 

The ataxy did not become more evident on closure of the 
eyes, as it does in the human subject. Luciani combined with 
the extirpation of the cerebellum, extirpation of Ferrier’s motor 
areas of the brain, and was led from that combination to believe 
that the compensatory movements by which the animal, after 
removal of the cerebellum, learnt to correct his ataxia, were 
carried out largely by the motor areas of the brain. Luciani 
could not discover any localisation of function in the cerebellum — 
each portion of it seemed to possess the same qualities as the 
whole. He concludes that the cerebellum reinforces the energy 
of voluntary movement, that it reinforces muscular tonus, that it 
quickens the rhythm of the elementary motor impulses and fuses 
them to continual action. 

J. N. Langley has recently published a paper on the origin from 
the spinal cord of the cervical and upper thoracic sympathetic 
fibres, with observations on thewhite and grey rami communicantes. 
He studies the origin of ( 1) the fibres causing dilation of the pupil ; 
(2) the vaso-constrictor and vaso-dilator fibres of the head ; (3) 
the secretory fibres of the salivary glands ; (4) the accelerator 
fibres of the heart; (5) the remaining efferent fibres of the 
sympathetic region in question. The experiments were made on 
dogs, cats, and rabbits, all of which were anaesthetised. 

When the animal was thoroughly under the influence of the 
anaesthetic, the spinal cord was laid bare for a varying distance. As 
a rule, two or three nerves were first exposed and stimulated, and 
then progressively the nerves above and below these were exposed 
and stimulated. The .author first made observations on the 
origin of pupillo-dilator fibres from the spinal cord, and the results 
of the experiments are : — The lower cervical nerves in no instance 
give the faintest indication of action upon either pupil, the nicti- 
tating membrane, or the eyelid. The 8th cervical nerve, 
although stimulated with currents of varying strength and of 
varying duration, produces no effect on the pupil or the eye. One 
experiment shows that stimulation of the Ist and 2nd thoracic 
nerve causes a considerable, though slow, dilation of the pupil 
when the index of the secondary coil of the induction machine 
waaat 16 centims. of the scale, and a raj »id, complete dilation 
with all greater strengths of current, whilst stimulation of the 
8th cervical nerve is without a trace of effect on the pupil whether 
the index of the secondary coil was at 15 centims. or at 0, or at 
any intermediate position. No dilation of the pupil is, as a rule, 
obtained by stimulating any spinal nerve below 3rd thoracic, but 
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in the cat it is possible that, in some cases and under favour- 
able circumstances, a slight dilation of the pupil may be observed 
on stimulation of the 4th thoracic nerve. The nerve-fibres 
causing retraction of the nictitating membrane and opening of the 
eyelids have in the cat a more extended origin than the dilator 
fibres for the pupil. 

The results of experiments on the origin of the vaso-motor 
fibres for the head are as follows: — (1) The 6th, 7th, and 8th 
cervical nerves cause neither contraction nor dilation of the vessels 
of the head. (2) The 1st thoracic nerve has a slight and incon- 
stant efiect in the cat ; the effect is ap|)arently greater in the dog. 
In cats, it may be distinct enough to be beyond question, or it 
may not be perceptible in the conditions of the experiment. (3) 
The 2nd and 3rd thoracic nerves cause complete and rapid con- 
striction of the small arteries. In the cat the 3rd nerve has 
seemed to produce constriction rather more quickly than the 
2nd. (4) The 4th thoracic also causes complete constriction, but 
more slowly than either the 2nd or 3rd ; in the dog its effect is 
less than in the cat. (5) The 5th thoracic nerve has less effect 
than the 4th. In the cat the constriction caused by it, though it 
may be complete, is usually slow. In the dog the author has 
found no satisfactory evidence of the existence of vaso-inotor 
fibres ill the 5th nerve, but he thinks it probable that they are 
sparsely present. (6) The thoracic nerves below the 5th have 
not in the cat and dog .any effect ujxin the vessels of the head. 
Langley finds no flushing of the bucco-facial region on stimula- 
tion of any one of the 2nd to 6th thoracic nerves, but the 
nerves which cause pallor in this region are the 1st to the 
4th. 

From observations made on the secretory nerve.s for the sub- 
maxillary gland in cat and dog, it will be seen that the 2nd 
thoracic nerve has a distinctly greater effect on secretion than 
any other. The 3rd thoracic nerve, in each of the experiments, 
causes some secretion, but in three of these several stimuli are 
occasionally necessary before a secretion is visible. It is prob- 
able that in most cases the 4th and 5th thoracic nerves in the 
cat contain a few secretory fibres. In the dog secretory fibres 
are found in the 4th nerve. With regard to the 5tb, the evidence 
is not very clear, but there appear to be a few secretory fibres 
present. The 1st thoracic nerve in the cat gives very slight 
evidence of containing secretory fibres, and in most cases no 
evidence at all ; in the dog, on the contrary, more or less satis- 
factory evidence is obtained. Therefore the origin of the 
secretory fibres in cat and dog is very similar to the origin of the 
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vaso-motor fibres in these animals — in the dog the secretory and 
vaso-motor fibres are more represented in the 1st thoracic than 
in the 5th, while the reverse is the case with the cat. 

In his observations on the origin of accelerator fibres from the 
spinal cord the author finds that a similar state of things holds 
with these as with the secretory fibres. In one animal the 1st to 
the 4th thomcic nerves will always produce distinct quickening of 
the heart-beat, while in another animal the 1st for the 4th 
thoracic will be constantly without effect The author thinks this 
is primarily due to varying responsiveness to accelerator impulses, 
and secondarily to a variation in the number of accelerator nerve- 
fibres in the cori*esponding nerves. 

In investigations on the origin of other fibres of the cervical 
and upper thoracic region, the author and Sherrington showed in 
former experiments that, in the cat, the pilo-motor fibres for the 
cervical sympathetic arise from the 3rd or 4th to the 7th thoracic 
nerves inclusive. In the author’s further experiments he has 
looked for the effect on the hairs. While the movements of the 
hairs on the face and upper vertebral area is always more or less 
distinct on stimulation of the 4th, 5th, and 6th nerves, Langley 
does not observe any second instance in which the 3rd neiwe is 
effective. The hairs over the last two or three cervical vertebrae 
and the first one or two thoracic vertebrae are innervated by fibres 
which pass through the ganglion stellatum, and their exact 
origin is not yet determined. The author finds pilo-motor fibres 
in the dog in the cervical sympathetic, but so far, for the dprsal 
part of the neck only, and not for the face. They arise from the 
4th, 5th, and 6th thoracic nerves ; nerves lower than this the 
author has not yet tried. The 4th has less action than the 5 th 
and 6th thoracic nerves. 

In his remarks on the white and grey rami communicantes, the 
author goes on to say that, as there are two kinds, it must be con- 
sidered whether the nerve fibres pass by one only, or by both of 
these communicantes. On examining the white and grey rami in 
dog, cat, and rabbit, Langley finds the uppermost white ramus to 
be in all cases given off by the 1st thoracic nerve. In one case 
the number of small medullated fibres in the rami of the 1st 
thoracic nerve were counted, and about 500 were found to bo 
present. The medullated nerve-fibres which are present in the 
grey rami of the lower cervical nerves are either not efferent 
fibres, or they are too few to produce any p^oeptible effect. Thfe 
Ist thoracic spinal nerve, the uppermost nerve which has a white 
raoiii^^ is the uppermost nerve which on stimulation produces 
effect. 
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Actual experiment gives very little support to the view that 
there are efferent fibres in the grey ramus. It is, however, most 
improbable that the large medullated fibrea should be efferent 
fibres. Every visceral efferent effect can be attributed to small 
medullated fibres, and no single visceral efferent effect can, at 
present, be attributed to fibres above 4 m. in diameter. Further, 
the Pacinian bodies of the mesentery of the cat are supplied with 
fibres arising from the division of large medullated fibres. 

The author concludes with the view that the medullated 
fibres of larger diameter than 4 m. which occur in the grey rami 
are efferent fibres entering the cord by the white rami, but are not 
for the most part fibres of general sensibility. It seems to him 
not improbable that the afferent fibres of general sensibility are 
not fibres of any given diameter, but he leaves this question for 
the present an open one for further consideration. {Phil. Trans. 
Roy. Soc. London^ clxxxiii. 85.) 

B. Ewald has recently made some most interesting researches 
on the end organs of the 8th nerve. For several years he has 
been working at this subject, and has carried out his experiments 
chiefly on pigeons. The results obtained by him add at least two 
new points of fundamental importance to what is already known 
on the subject, and these points are of wide application throughout 
physiological science. 

The first point is this — that not only the apparatus at the end, 
but also the trunk of the 8th nerve (nervus acusticus) is excited 
by waves of sound. For instance, it is proved that animals in 
which both auditory labyrinths are entirely destroyed, I'eact to 
waves of sound, when every other movement of air is excluded ; 
this reaction ceases when the branches of the nervus acusticus 
left behind at the previous operation are destroyed. 

The second point gained is — that apart from the functions of 
the auditoiy la%rinth related to statical sense, a relation exists 
between it and the entire musculature of the body, and also 
between each labyrinth and l)oth sides of the body. This i*elation 
consists of an alteration on tlie tone of the voluntary muscles, and 
by tliis means are to be explained the abnormal and violent 
movements of pigeons from which the labyrinth has been 
removed, as Las been already noticed by Flourei’s and Goltz. 

For months after the operation pigeons appear to behave 
in a quite normal manner ; that is, they sit in normal positions, 
show no signs of asymmetry of movement, and nothing which 
indicates giddiness ; but if the eyes of a pigeon so operated upon 
are blindfolded, and the bird turned somewhat when held in the 
hand, the holder’s own longitudinal axis being rotated, the animal 
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did nob show any nystagmus, which every normal animal under 
the same ciicumstances would do. These animals also show a 
peculiar haste and restlessness ; if they ai*e put in a small cage 
tliey almost kill themselves by struggling ; and when they finally 
appear tired out and rest, it is generally in a most uncomfortable 
position — lying somewhat on their backs with the head under the 
body, and with the feet grasping the crossbars of the cage. 

Pigeons from which the audiboiy labyrinths have 1>een 
removed can no longer fly — at least, they lose the power of doing 
more than fluttering about the height of a centimetre. Nearly 
all the muscles of these animals show a peculiar loss of tone, which 
shows itself, among other symptoms, with the following — that if 
the bird is held in the hand and swung freely backwards and 
forwards, the head hangs loosely from the shoulders and dangles 
to and fro like the head of a dead bird. At certain times the 
wing hangs loosely down in a manner never seen in the normal 
pigeon ; the bird allows its head to be brought into the most 
abnormal position by weighting it. 

Frequently pigeons which are bilaterally operated upon show 
great muscular emaciation. Pigeons operated upon on both sides 
first begin to eat some time after the operation ; those from which 
one auditory labyrinth had been removed ate immediately. They 
show from the first increasing twist of the eyes and head, with 
corresponding pose of the limbs, and these disturbances again 
abate later. The animals also show asymmetrical disturbances of 
muscular tone. 

Without being able to go into the valuable and full statement 
on the method of operation and the anatomical arrangement, it 
must be mentioned that the author succeeds in strengthening the 
theory that the vertigo caused by rotation depends on the func- 
tion of the semicircular canals. He proves this by showing that 
stopping the semicircular canals with lead does aw’^ay with the 
effects of rotation in each of the three planes of space. He has 
also investigated the effect of giving an artificial movement to the 
lymph at the end of each semicircular canal. This is done by 
introducing water into the auditory labyrinths through an india- 
rubber tube, or the endolymph is set in motion by pressure on the 
membranous canal. Electrical stimulation of the individual 
ampullae give no definite reaction. Ewald always arrives at one 
result, which he considers as the result of stimulation of the entire 
auditory labyrinths. He finds that during stimulation by the 
electric current the head always turns from the kathode ; if the 
^electric current is reversed in direction, the head is also always 
lamed in the opposite direction. The author considers the first 
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as the effect of stimulation, the last as due to the inhibition of the 
functions of the labyrinths of the ear. 

In accordance with the view he holds, Ewald designates a por- 
tion of the labyrinths of the ear which serve for the hearing, the 
auditory labyrinths ; the other portion as the tonus labyrinth, 
because it governs the tone of the muscles of the body. 

It is not possible to go into the individual experiments and 
the arrangements from which the author infers that the move- 
ments and symptoms in virtue of which the pigeons from which 
the labyrinths are removed differ from normal animals, do not, as 
has been thought, depend on defect of the statical sense. On 
account of the dissimilar nature of the functions of the nerve 
which we, till now, have called the nervus acusticus, the author 
proposes to introduce the impartial name of nervus octavus. 
\Nervu8 Octavus^ Stuttgart, 1892.) 

F. W. Mott. — Mott’s experiments lead to the following prin- 
cipal points of interest : — (1) Retuni of associated movements 
after complete destruction of the crossed pyramidal tract below 
the lesion. (2) That all sensory impulses do not decussate in the 
cord, they rather seem to show that certain sensory impulses — 
such as touch, the muscular sense, and localisation in space — pass 
chiefly up the same side, painful impressions up both sides. 

(3) The vaso-metor disturbances are on the same side as the lesion, 
and consist of vaso-dilatation, swelling of foot, and redness, with 
rise of temperature of the skin of the foot ; but, as compared with 
the opposite side, fall of temperature in the popliteal space on the 
side of the lesion, due, no doubt, to paralysis of the muscles. 

(4) The degenerations above and below the lesion are limited to 
the same sides when the injury is perfectly unilateral. (5) Stimu- 
lation of the cortex cerebri on both sides some weeks or months 
after the hemisection had been performed, generally gave results 
which showed that the block in the spinal cord produced by 
hemisection still existed, though there had been a complete 
return of associated movements. (6) In one case, ablation of the 
leg area on the same side as the lesion in the spinal cord was 
performed many months afterwards. The results of the experi- 
ment can be placed under the following headings : — (1) Motility ; 
(2) sensibility ; (3) vaso-motor and temperature ; (4) degenera- 
tion; (5) cortical stimulations. (1) Motility. — ^The return of 
movement in the paralysed muscles was dependent upon the 
extent of the bilateral associated action ; therefore muscles that 
invariably act in conjunction with the muscles of the other side 
were hardly affected, and it was difficult to observe any paralysis 
of the thoracic and abdominal muscles after hemisecftion in the 
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dorsal, and even the upper cervical, region. With one exception, 
movement in the muscles of the leg returned to such an extent 
that the animal was able to run about, climb, and spring, etc., as 
well as the normal monkey. At the end of three weeks move- 
ments of hip and knee generally return on the paralysed side. 
The animal would never grasp the finger with the paralysed foot ; 
the muscles on the paralysed side were somewhat flabby and 
wasted, but when examined microscopically after death, appeared 
quite normal. Sensoiy symptoms. — If a clip was placed on the 
paralysed foot of the animal, and one on the non-paralysed 
foot, even some weeks after the operation, the clip was always 
removed from the non-paralysed foot by the animal, but never 
from the paralysed foot, although means were adopted by which 
the animal could not possibly have seen the clips applied to its 
feet — sometimes while the animal was unconscious with ether, 
sometimes while its attention was distracted by food, etc. 
For days after the operation the knee-jerks are, as a rule, 
abolished, and eventually exaggerated, on the side of the lesion. 
Vaso-motor eflects and temperature. — There was temporary 
vaso-motor paralysis on the side of the injury, which passed off 
completely within a week or two. The temperature of the 
popliteal space on the pamlysed side was lower by V — 3° than on 
the non-paralysed side. As movement returned in the limb on the 
side of the injury, so this difference diminished, until after some 
months there was hardly any difference in the two sides. The 
plantar surface of the foot of the paralysed side was always dry, 
somewhat swollen, darker, and hotter to the hand than the oppo- 
site foot. When the vaso-motor paralysis passed off, the plantar 
surface on the side of the injury became cooler to the feel, and 
registered several degrees less than the other side. The plantar 
surface of the foot is supplied with sweat glands and a large 
supply of cutaneous blood-vessels. Hemisection of the cord 
paralyses the vaso-motor nerves and the sweat glands, causing 
an increase of blood to the part and deficient elimination of heat 
by cutaneous evaporation of sweat, hence an increased surface 
temperature. After the vaso-motor paralysis has passed off, 
there is a fall of the surface temperature. The results of cortical 
stimulation of the brain may be summed up as follows : — On the 
side opposite to the lesion, the leg area of the cortex cerebid 
required a very strong current to produce any effect, and the 
movements were leg movements. Sometimes no effect was 
obtained, and as often as not movements of the leg of the 
same side were noticed. Where the section of the cord was 
made at the level of the third cervical, no movements could be 
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obtained except shoulder movements. The author remarks that 
the ultimate solution of the question rests upon an unbiassed 
record of the cases of disease and injury in man, and it is hoped 
that, by the help of microscopical research and physiological 
experiment, a correct understanding of the path of conduc- 
tion and' the functions of the spinal cord will be arrived at. 
{Phil. Trans, clxxxiii., 1.) 

The same observer has re-studied some ascending degenera- 
tions resulting from lesions of the spinal cord in monkeys. It is 
known that the periphery of the lateral and anterior columns of 
the spinal cord in animals, such as rabbits, cats, dogs, and mon- 
keys, is made uj^ of fibres which connect the cells of the cord with 
the cerebellum. In one experiment a section of both antero- 
lateral columns was made in the mid-dorsal region. The next 
day after the operation the animal was tested and no loss of 
sensation was apparent. On the fourth day the weakness of 
the lower limb had passed off, and the animal behaved like a 
normal monkey. It was killed three weeks after with chloro- 
form. There was extensive degeneration on both sides in the 
antero-lateral columns above the lesions, and also in the antero- 
lateral region below the lesion. Section of the right antero- 
lateral region of the spinal cord of the third cervical segment and 
lesion, was successful. Half-an-hour after the injury the animal 
had recovered consciousness, the pupils were equal, and both 
sides of the chest seemed to move normally. There was no 
vaso* motor paralysis, but the right arm and leg were partially 
paralysed. Microscopical examination showed that the cross 
pyramidal tract had been considerably injured. Section of the 
left posterior column, the posterior horn, and the posterior part 
of the lateral column was made between the first and second 
lumbar. The effect of this lesion, which extended for about a 
quarter-of-an-inch, was to produce weakness in the left foot and 
loss of localisation to a great extent. Examination of the cord 
showed above the lesion a scattered degeneration in both 
anterior and lateral columns which gradually became less and 
less as the cervical region was approached. At the level of the 
second cervical, the degenerated fibres in the ventral cerebellar 
tract of the same side were more than twice as numerous as on 
the opposite side to the lesion. The following conclusions may be 
drawn from these experiments: — ^The peripheral portion of the 
anterior and lateral columns consists of ascending and descending 
cerebellar fibres. The former may be divided into a ventral and 
a dorsal portion, which may be termed the ventral and dorsal 
ascending cerebellar tract, instead of antero-lateral and direct 
B D 2 
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cerebellar. The ventral portion may apparently be completely 
divided in monkeys without causing analgesia. The ascending 
cerebellar tracts consisting of ventral and dorsal portions, forms a 
connecting bridge between the superior vermis of the cerebellum 
and colls in the cord. The dorsal portion connects the cells of 
Clarke's column with the dorsal portion of the superior vermis. 
The ventral portion connects certain cells of the cord with the 
ventral portion of the superior vermis. Section of the antero- 
lateral column in the cervical region produces a much denser 
degeneration amidst the arciform fibres than can be accounted for 
by the slight injury to the direct cerebellar fibres. The very 
extensive tract of degeneration corresponding to the ventral 
cerebellar has been traced in monkeys to the superior vermis by 
way of the superior cerebellar peduncle, forming in its course a 
remarkable loop over the fifth nerve. Scattered fibres belonging 
to the fillet can be traced as far as the anterior quadrigeminal 
body of the same side. {Brain.^ pt. ii., 216.) 

L. E. Shore furnishes a contribution to our knowledge of 
taste sensation. The paper treats of the action of the leaves 
of Gymnema sylvestre on the sense of taste. The author 
worked with dried leaves of this plant, which is an Asclepiad, 
and grows in parts of India and Africa. It has recently been 
noticed that after chewing the leaves of this plant, sugar no 
longer excites a sweet taste. Tlie leaves were extracted with 
water in a Papin's digester, and from the filtered solution a bulky 
precipitate thrown down by the addition of hydrochloric acid. 
After repeated washing, the precipitate was dissolved in alcohol, 
and the alcoholic solution decolourised by repeated boiling with 
animal charcoal. On concentration, the solution deposited a 
nearly white crystalline powder. The substance thus*obtained is 
insoluble in water, so that its sodium salt was made and an 
aqueous solution of it used in many experiments. The author 
has confined himself to the effect of the drug on man. Many of the 
experiments were conducted on his own tongue, but the leading 
features have been tested on twenty -nine different persons. Tastes 
may be divided into four classes — sweet, bitter, acid, and salt — 
and Shore took an example of each in the following — glycerine, 
quinine sulphate, sulphuric acid, and pure sodium chloride all 
^ing employed in their watery solutions. The tip of the tongue 
is most sensitive to sweet and acid tastes. The power of per- 
ceiving bitter is much less than in any other region. In 
observing the action of gymnema on the taste of the above 
substances, the decoction has an acrid bitter taste on all tasting 
regions of the tongu<j, but not very strongly so even at the back. 
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This taste largely dies away as its application is proceeded with, 
and in about fift^n to thirty seconds a slight tingling sensation is 
experienced (probably due to resins or some other bodies present), 
but this quickly passes off, and then the further application of the 
decoction to the same spot produces no bitter taste. On inves- 
tigating the action of gymnema on tactile perception, it was 
found to have no power to diminish either the discrimination of 
points or the perception of induction shocks. Two points may 
still be perceived when only 1 mm. apart, at the tip. Gymnema 
has no action on pain — the prick of a needle excites the same 
sensations. Touching, or rubbing different parts of the tongue 
and palate excite, in addition to tactile and general sensations, 
others which must be ascribed to an excitation of the nerves of 
taste. The sensations are not perceived till perhaps as long as 
five to ten seconds after the rubbing. The best marked is the 
bitter sensation at the back. This is not observed after 
gymnema. The action of gymnema on “electrical taste is as 
follows : — The initial bitter taste perceived at the right edge and 
back in one case was cut off by gymnema, and in another case 
the bitter taste experienced at the back is entirely prevented — no 
taste at all resulting from weak shocka Acting as gymnema 
does on pure sweet and bitter tastes only, this seems conclusive 
proof that the interrupted current has stimulated the nerve 
fibres or end-organs concerned with bitter tastes. Tactile per- 
ception is not so acute at the back. It is observed that as the 
strength of the shocks is increased the taste becomes more acid 
at the back after gymnema, and occasionally becomes salty and 
acid, when the individual shocks give rise to tactile impressions. 
General sensory impressions, smarting, burning, etc., as well as 
true taste, are absent when acids of m<^erate strength are applied 
to the dorsum of the tongue. It is only when the strength is so 
far increased that slight visible corrosive action on the epithelium 
takes place, that feeling is set up. The 1 per cent solution, in which 
the acid taste is well marked at the tip, and not obscured by 
smarting sensations, produces perhaps slightly less effect, but the 
character is not changed. With stronger solutions no change in 
either component can be detected. No difference was detected 
after the application of gymnema. Experiments on the action of 
cocaine show that though it acts powerfully on general sensations, 
its action on acid taste is by no means very great. When acids 
in moderately strong solutions are applied to the tongue, the 
sensations excited are of two kinds — one called a true taste, but 
to be considered in a different way from the true tastes excited 
by sweet and bitter substances, and as rather a specialised form of 
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tactile perception ; and other sensations due to excitation of 
nerves concerned with general feeling and pain. The conclu- 
sions the author draws as to the nature of salt taste are very 
similar to those given as to the nature of acid taste. Experi- 
ments show that, with cane sugar and grape sugar, however 
strong the solutions are, only pure tastes are excited. With 
glycerine, if the sweet taste of 50 per cent, solution be prevented, 
a slight burning sensation is produced at the tip. With strong 
glycerine the sensation is more marked. Gymnema removes the 
sweet taste of saccharine, and no sensations are then detected. 
Solid saccharine placed on the tongue is tasteless after the action 
of gymnema. With sulphate of quinine, after gymnema, a slight 
acid taste is noticed at the tip. The taste excited by extract of 
socotrine aloes is a pure bitter. Very dilute solutions of picric 
acid are intensely bitter at the back ; after the action of gymnema 
even a saturated solution excites no sensation. Gymnema does 
not seem to have so powerful or ready an action on bitter as on 
sweet taste — the reverse appears to be the case with cocaine. 
The negative after-taste with alkalis is unfortunately not of a 
nature to be acted on by gymnema. It is detected, like the 
alkaline taste, as well after gymnema as before. The taste of a 
very large number of substances used in ordinary life are but 
little affected by gymnema. Only such bitter and sweet com- 
ponents as are present are removed. The action of gymnema is 
perhaps best explained by the supposition that the nerve-fibres or 
nerve-endings capable of being stimulated by pure sweet and 
bitter substances are different from those excited only by acid 
and salt. The selective action of cocaine also points to the mul- 
tiplicity of the kinds of endings of sensory nerves in the tongue. 
The more powerful action of cocaine on bitter taste than on 
sweet, and of gymnema on sweet taste than on bitter, may also 
show that the nerve-fibres and nerve-endings concerned with 
these tastes are also distinct. The phenomenon of after-tastes 
between sweet and bitter sensations, poinis in the same direction. 
When bitter taste is absent at the tip of the tongue, sweet taste 
is very weak or absent also. The analysis of acid taste sensa- 
tions, varying as they do in different regions, reveals their origin 
from two kinds of nerve endings, and the same is probably true 
of salt taste. Different tastes are excited by the same stimulus 
when applied to different parts of the tongue. A simple view to 
take is to consider that there are a number of different kinds of 
nerve-endings or end-organs scattered in varying density in 
different regions, and the taste excited by a substance, at a 
particular area, may be explained in one of the following 
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ways : — (1) By excitation of one kind of ending only, as is 
the case with substances of a pure sweet and bitter taste. If 
^ the particular kind of ending does not exist in the area, no taste 
is excited, as is the case when quinine is applied to the tip of the 
tongue in some peraons. (2) By the excitation of the kind of 
ending which .predominates in that area, overpowering the effect 
of stimulation of endings present in smaller number— for 
instance, sulphate of magnesia at the back of the tongue 
exciting bitter taste, but after the nerve-endings concerned are 
paralysed, a faint acid taste is manifest; by the excitation of 
several kinds of endings simultaneously, as with many acids and 
salts, such as lead acetate. The multiple character of the sensa- 
tions can be shown by successively paralysing the different kinds 
of endings. {Jour, of Physiol.y xiii., 191.) 

P. Kaiser's work upon the functions of the ganglion cells of 
cervical cord in the throat region is divided into three parts, of 
which the first is a comparison of the literature on the localisa- 
tion relationship in the cervical cord, and on the distribution of 
the nerves contained in the brachial plexus. 

In the second part the author’s method of research is explained, 
and further, in a clear and full description, the arrangement 
and the micro-chemical relation, the number and size of the 
ganglion cells in the spinal cord of man (adult, child, foetus), and 
monkey (gorilla, according to Waldeyer, eroceleus sinicus), 
together with other animals whose anterior extremities are used 
in very different ways, i.e., insect-eaters (hedgehog, shrewmouse, 
mole), cheiroptera (Plecotes auritus), and in rabbits, at different 
periods of life. 

The third part contains the results of observations upon 
the relative number and size, as well as the micro-chemical quali- 
ties of those ganglion cells of the cervical cord which are concerned 
in the movements of the arms ; in this way he hoped to determine 
the functional significance and importance of the groups of cells 
in the cervical region of the cord. 

The spinal cords were hardened in Muller’s fluid, cut in 
series 20 mm. thick, and afterwards stained brown by the author’s 
naphthylamin method {Zeita.f Med.^ vi., 1889). The counting 
of the ganglion cells in the segments of the cord was undertaken, 
and the smallest and largest number of each counted cell group 
ascertained in the same manner, and in the same way the average 
diameter of the largest and smallest cells was determined both for 
length and breadth. The grouping was dealt with partly accord- 
ing to Waldeyer’s division of the cells of the anterior horn 
(medial, anterior, and lateral), cells of the medial horn (central cells 
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and cells of the lateral horn), and the celli of the posterior horn 
(basal, marginal, and central) Partly they were divided by their 
affinity for naphthamine-brown into chromophile (dark brown), 
chromodect (tint of the grey substance), and chromophobe 
(uncoloured). These distinctions come out still more clearly when 
the field is but dimly lighted. The results of these individual 
observations are synoptically represented by numerous tables 
and curves, illustrated in twenty*nine diagrams. The whole 
work ends with the following conclusions : the number of the 
ganglion cells of the spinal-cords is in proportion to the 
complexity and fineness of the movements. The energy of 
the movements stands in direct proportion to the number and 
size of the ganglion cells. Nevertheless no simple relationship 
is discoverable between the two. The cervical region of the 
spinal-cord contains the following groups : — {a) the nucleus of 
the muscles of the back extends as a medial column through 
the whole length of the spinal-cord ; (6) the nucleus for the spinal 
accessory nerve lies lateral to the former, and extends from the 
bulb to the sixth or seventh segment; (c) the niicleus of the phrenic 
nerve is found in the third to the fifth or sixth segment between 
the two firat groups, besides which there are fibres of the phrenic 
nerve given off by the medial posterior group ; (d) the nucleus of 
the nerve to the upper limb lies laterally, beginning in the fourth, 
more rarely in the third segment behind the group for the 
accessory nerves, and extends to the first or the second dorsal 
segment. The proximal half is divided into several which 
innervate the muscles of the shoulder girdle, the flexors and 
rotators of the shoulders, as well as the muscles of the radius. 
The distal half is divided into an anterior and a posterior part : 
the former innervates the adductors of the upper arm (i.c., the 
pectoralis, latissimus, and teres major), and the triceps, the latter 
tlie flexors and extensors of the finger, muscles of the ulna, and 
small muscles of the hand. The author renounces, except as a 
suggestion, his belief that chromophobe cells in the spinal cord are 
especially to be found where it is a question of acquired automatic 
functions; they have obviously at their disposal a far gi’eater 
stock of power than the chromophile cells. The greater their 
subjugation to the activity of the brain, the stronger they are in 
chromophil. {Gekronte Preisschrifi^ Hannover, M. Nyhoff.) 

Sherrington has examined the arrangement of the motor nerve- 
fibres in the lumbo-sacral plexus. His investigation was made 
chiefly upon the plexus of one species of monkey {Macacus rliema). 
His paper is a long one, and only certain parts of it can be 
notic^ here. He finds that individual variation of the distribution 
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o£ the several spinal nerves occurs with gi’eat frequency in the 
plexus of all the species he has examined. That is to say, the 
muscles which are supplied with nerve fibres from a certain spinal 
nerve root in one individual, in another individual may be 
supplied with fibres from the next spinal nerve root in front or 
behind that. The latitude of variation is not very wide, but its 
frequency of occurrence is great. 

Most of the muscles in the limb ai-e furnished each with 
motor nerve fibres from three spinal nerves, a few from two only. 
When the supply is triple it comes chiefly fi om the middle root 
of the three. The motor outflow of • fibres for each muscle is 
spread in an unbroken fashion over a certain considerable length 
of the cord. In the greiit majority of cases muscles innen^ated 
by the same nerve root lie adjacent one to another, so that a 
continuous sheet or band, or ray of muscular tissue, is supplied 
by the same nerve root. The commingling of the motor fibres to 
various muscles is great even at their very exit from the cord. 
Each of the natural rootlets of the root consists of an aggregate of 
fibres, often representing, as far as the skeletal muscles are con- 
cerned, all the groups of nerve fibres contained in the entire root. 
The individual bundles of the anterior root are in miniature the 
entire root itself, and give results in quality broadly the same as 
does it, although not in quantity. This commingling of nerve 
fibres of different destination at their very exit from the cord 
points to a probability of their sources of origin within the cord 
being also commingl^ in the transverse plane of the cord, if not in 
the longitudinal. The region of outflow of the efferent fibres to a 
group of muscles, or the representation of a particular movement 
at a joint, often ends not conterminously with the spinal segment, 
but somewhere within the spinal segment, either overstepping or 
fstlling short of the anatomical limits of the segment. If each of 
the main movements of a joint, e,g,^ flexion, extension, etc., be 
considered individually, the region of representation in the spinal 
roots is as long in the case of the small joints of the toes as it is 
for the hip or knee. The region of outflow for any main move- 
ment extends into at least three segments of the cord. Yet the 
total region of outflow for movement at the hip is longer than 
for movement of any other joint in the lower limb. This is due to 
the flexion outflow being more separated from the extension out- 
flow in the case of the hip than in the case of the other joints, 
especially than in the case of the joints of the digits. The spimd 
centres for extension of the hip and for flexion of the hip overlap 
each other very slightly, but those for flexion and extension of 
the digits overlap each other very largely. 



426 


THE TBABnBOOK OF SOISKCE. 


Of the opposed movements of joints the one directed towards 
the anterior aspect of the limb has always a spinal representation 
more anterior in the spinal nerve roots than is the representation 
of its fellow movement of oppo^te direction. The root districts 
(that is, the region of distribution of the spinal roots severally) 
intermingle and overlap each other more in the muscles of the 
hand and foot than in the muscles of the thigh and shoulder. It 
is, however, improbable that any one muscle fibre is supplied by 
nerve fibres from two separate spinal roots. 

The experiments did not yield evidence that the movements 
which result from excitation of the individual roots of the 
brachial and crural plexuses are really highly co-ordinated and 
combined for a functional purpose. All the evidence went to 
show rather that the arrangement of the motor roots of the limb 
plexuses has an anatomical significance based on the segmental 
structure of the body, and not a teleological dependent on sup- 
posed demands of functional co-ordination. The limb in the light 
of its nervous supply must be considered an organ of segmental 
structure, that plastic, like the rest of the body, has been moulded 
by variation and by function, but not so rudely as to seriously 
obscui*e its segmental plan. The relation of the muscles of the 
limb to the cell groups in the spinal cord is discussed, and from 
experimental and other evidence it is concluded that the nerve 
fibres innervating the small muscles of the sole and palm spring 
from the postero-lateral cell-group of the anterior horn of the 
spinal cord in the lumbar and brachial enlargements of the cord. 
It is also pointed out that the nerve fibres causing dilatation of 
the pupil probably spring from the cells of the lateral horn of the 
spinal cord in the highest three thoracic segments. The segments), 
position of the motor nerves of the anus, vagina, urinary bladder, 
round ligament of the uterus, and the vas deferens is ascertained 
for each of these structures. Also the discovery of centres in 
the cortex of the brain for the movements of the anus and 
vagina is announced, and the localisation of these centres figured. 
It is pointed out that the action^ of a cortical centre can be 
reversed in the case of the small joints, such as the thumb, by 
section of the nerve supplying the muscles preponderating in the 
movement. Thus if by excitation of a spot of the cortex cerebri 
flexion of the thumb is being produced, and if then in the limb 
the nerve to the flexor muscles of the thumb be severed, the 
excitation of the cortex immediately produces extension of the 
thumb, showing that in the previous flexion both the flexor and 
extensor muscles of the thumb were being co-ordinately employed. 

The knee-jerk^' is shown to depend upon the integrity of chiefly 
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the vastus intemiis muscle, and of motor fibres to it coming from 
the 4th and 5th lumbar spinal nerres (the 3rd and 4tli of man). 

^Also upon the integrity of the sensory or posterior spinal root of 
the 5th lumbar nerve (the 4th of man). 

It is shown that the urinary bladder of the cat and monkey 
exhibits constantly a rhythmic beat,” and, like the heart of the 
frog, will go on beating steadily for some time after its complete 
removal from the body, if kept moist and at the temperature of 
the blood. 

The distribution of the motor nerves to the skeletal muscles 
of the limb points to the limb being composed of a number of 
rays placed at right angles to the longitudinal axis of the body 
and parallel with the long axis of the limb. The most posterior 
of these muscular rays are the longest ones, and the most anterior 
the shortest ones of the limb series. The prominence of the 
limb from the body is of such a form that the anterior edge of 
the prominence is thrust out less abruptly than is the posterior. 
The posterior edge is occupied entirely by one muscular ray, the 
last or hindmost. Into the anterior edge enter a number of rays. 
Taking seven to be the number of rays in the hind limb of 
M. rhesus, along the whole length of the posterior border from 
the free distal end of the limb to its attached base runs the 
seventh ray, while into the anterior border enters each of the 
most anterior five of them. {Jour, of Physiol,^ xiii., 621.) 


BACTERIOLOGY. 

By C. S. SHERRINGTON, M.A., M.D. 


Oeneral. 

Shattock has made an important series of experiments upon 
the alkaline fermentation of urine. In certain diseases the urine 
becomes alkaline when still within the body, just as it does by 
putrefaction when exposed for a suflScient time to the air after 
being voided. The alkalinity developed is irritating to the 
mucous membrane of the bladder, and is caused by the hydro- 
lysis of urea with the evolution of NH 3 . Surgeons have believed 
that the alkaline fermentation, when it occurs within the body, 
is due to the same innocuous bacteria as decompose it when 
exposed after being voided. Shattock has enquired whether the 
change can be induced by the microbes which cause suppuration 
and inflammation. He shows that pyococcus aureus, pyococcus 
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albus, and streptococcus pyogenes bovis, and hominis, some of 
the commonest bacteria causing inflammation and suppuration, 
will decompose urea with the production of ammonia. He also 
demonstrates that when the urine contains albumen, as it does 
when the mucous membrane is inflamed, these bacteria grow 
more rapidly, and produce from the proteid matters in the urine 
irritating and toxic substances that are more harmful than the 
ammonia. Under these conditions the common Proteus vulgaris 
will grow in the urine and infect it with putrid as well as 
ammoniacal compounds. The antecedent inflammation will be 
thus enhanced, the proteid thereby increased in amount, and its 
decomposition will further increase the inflammation. {Trans. 
PaiJiol. Hoc. of London^ xliii., 200.) 

Some interesting investigations are made by Theodor Geisler 
on the effect of light on bacteria. Tho importance of sunlight 
for the health of mankind has long been known to medical 
men ; therefore it is not without reason that with the present 
knowledge of hygiene it should be considered of great import- 
ance that light be allowed free access to dwelling-housea In- 
vestigations have already shown the favourable influence of 
sunlight penetrating the sick-room upon the course of disease, 
even where the remaining hygienic conditions have been un- 
changed. In regard to this point, observations on the effect of 
certain coloured rays are of the highest interest. It seems only 
natural that these investigations should arouse the idea that 
sunlight can be made of therapeutic use, and also that 
where sunlight is not sufficiently strong, or does not exist 
at all, electric light might be made to answer the same pur- 
pose. The complete solution of these questions is at present 
impossible, and belongs to a more or less remote future; 
but we possess something towards the elucidation of the questions 
in the effect of light on bacteria, which has been closely studied. 
The author chiefly examines the effect of electric light and 
sunlight on typhoid bacilli, and he finally draws the following 
conclusions : — 

(1) He cannot observe a qualitative difference in the effect 
of sunlight or electric light on these bacteria, merely, a 
quantitative difference ; for instance, sunlight had strong 
restraining effect on the development of the typhoid bacilli and 
electric light had also. (2) Not only are the luminous and 
chemical rays of both sunlight and electric light injurious to 
the growth of the typhus bacilli, but also the heat rays. 
(3) All rays of the electric and solar spectra, the red ones 
excepted, restrain the growth of the typhoid bacilli; the 
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restraining effect is stronger the greater the refrangibility, or 
the less the wave-length of the ray is. (4) The unfavourable 
effect of electric light and sunlight on the growth of typhoid 
bacilli in gelatine is partly through the effect of light on the 
bacillus, partly an effect on the soil in which it grows. {Central- 
blatt f, Baku ivnd Paraaitenkunde.y xii., s. 161.) 

Le Dantec has made researches on symbiosis of algse and 
protozoa. It has long been known that chlorophyl is found in 
the bodies of certain of the lower animals, and the question 
whether this chlorophyl belongs to the animal ceils alone or to 
vegetable organisms has often been discussed by Brandt, Geza- 
Entz, Beyerinck, Famintzin, and Lankester. Le Dantec has 
shown that it is a question of symbiosis with an alga. 

A great quantity of ciliata of the same species, Paramaccium 
Bursaria, were kept for a long time in two separate reservoirs, 
and of those enclosed in one under otherwise quite similar 
circumstances, some were altogether free from chlorophyl, others 
were completely green. If specimens were taken from both 
tanks and put into a small vessel, all the individuals showed 
themselves possessed of chlorophyl. In order to show that this 
is not due to the extinction of the variety free from chlorophyl 
by the other, but is due to direct infection, the author put some 
free from chlorophyl under the microscope, in water taken 
from the other tank, but carefully filtered so as to contain only 
ddbris of the green paramecia. When examined, these paramecia 
soon showed a certain tinging of green, and the multiplication 
of the parasitic alga could be seen. When kept in the dark the 
green paramecia turned brown. Placed Again in the light, some 
of the paramecia became green again. {Annal de VInstUut 
PasteuTy No. iii., 190.) 

A. Ebers, writing on glanders, says that one of the chief 
difficulties attaching to stamping it out is the difficulty of 
recognising the disease in its earliest stages. Koch’s discovery 
of tuberculin, and its employment for the diagnosis of tuber- 
culosis, awakened the idea of employing in a similar way a 
product of the bacillus of glandera. An extract has b^n 
prepared from the bacillus mallei, by means of which the 
diagnosis of the disease in doubtful cases is assured. Kalmy 
was the discoverer of this preparation, and his mode of extract 
was as follows : Taking five grammes of a pure culture of bacillus 
mallei, he added to it 20 cub. cent, of sterilised distilled water, 
and placed the mixture in the thermostat at 120° C. for twenty 
minutes. He repeated this heating process four times in forty- 
eight hours, and then left the mixture another forty-eight hours 
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in the thermostat at 39® O. He then filtered the mixture 
through a porcelain filter under pressure, and thus obtained 
12 ccm. of a clear yellow liquid, which was again exposed for 
fifteen minutes to a temperature of 120® C in the thermostat. 
This liquid was used for subcutaneous injection in the horse, one 
cub. cent, being used for each of five horses. Of the five 
animals two were sound, two were manifestly glandered, and 
the fifth was inoculated with glanders at the same time as it was 
given the subcutaneous injection. During the next twenty-four 
hours, in the sound horses the injection caused no noteworthy rise 
of temperature, in the other three the temperature rose in the first 
thirteen hours from 38*5, 38*0, 38*6, to 40*5, 40*7, and 41*3® 0. 
Posirmortem examination of these three animals left no doubt of 
their all being glandered. 

In a similar way Preusse, veterinary surgeon at Dantzic, 
attempted the preparation of an extract of the glanders bacillus. 
Preusse used for this purpose old, dried-up cultures of the bacillus 
mallei grown on potato ; these he steeped for several days in a 
mixture of water and glycerine (equal parts), at the temperature 
of the body (38® C.). The extract he filtered several times, and 
sterilised in the steam bath. It was finally an imperfectly clear, 
dark yellow, oily liquid, of neutral or faintly acid reaction ; it 
possessed a characteristic odour. Preusse tried the action of this 
extract first of all on guinea-pigs he had inoculated with glanders. 
Later in the year he tried it on six horses belonging to certain 
large stables in which glanders had just previously broken out ; 
none of the six horses, however, showed at the time of his experi- 
ments any unequivocal sign of being themselves glandered. The 
result of the trial on the horses was most striking. In five of 
them a considerable increase of temperature occurred, the maximum 
being attained about fifteen hours after the first injection, about 
eight hours after a second ; the rise amounted to as much as 2 *2® 
C. In the case of the sixth hoi*se — a young foal — a rise of tem- 
perature amounting only to 0*5 C. ensued seven hours after the 
first injection, and no perceptible rise at all followed the second. 
The first five horses on the succeeding day showed lassitude ; the 
foal was as well as it had been previously. Post-mortem examinatior 
of all six was made twenty-four hours later. Unmistakable 
evidence of glanders was discovered in the first five horses, buf 
not in the young foal. The next trial was performed on a horse 
known to be sound ; it was inoculated on three occasions with 
extract of the bacillus, and each time the temperature remained 
within the limits of health for the forty-two hours following the 
injection. In a horse showing manifest symptoms of the disease 
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the rectal temperature ran up 1*6® C. nine hours after the first 
injection, and more than 2° C. after a second. 

In the military veterinaiy school at Berlin a somewhat similar 
investigation has been pursued by Pearson, who cultivates 
virulent growths of glanders bacillus in glycerine-peptone broth at 
35® C., and when the rich growths thus obtained are fourteen 
days old, kills the bacilli by exposure to 80^ C. for several hours, 
and then filters off the fluid through a porcelain filter. The clear 
fluid thus obtained is sterilised on three successive days by twenty 
minutes’ steaming. This sterilised extract he has tested on healthy 
and glandered guinea-pigs in doses of 0-25 to 2*0 cubic centimetres. 
He finds that in the healthy animals this dose causes a mere trace 
of local reaction, and must be increased tenfold to produce febrile 
disturbance. But in the glandered animals even a quarter of a 
cubic centimetre causes the local symptoms of swelling and 
redness, and a well-marked febrile reaction. 

Pearson’s published experiments are less numerous and de- 
tailed than are those of Preusse. With Preusse’s mallein observa- 
tions have been repeated by Heyne, Schilling, Peters and Felisch, 
Dieckerhoff and Lothes, and by Walter. Subcutaneous injec- 
tions of mallein have been employed by the six first named of these 
upon, in all, 64 horses. Of the 64 one animal was obviously at 
the time of injection glandered, but the remaining 63 showed at 
that time no definite symptoms of the disease. In 41 of the 
horses a first injection of mallein was followed in about eight 
hours, and a second in about four hours, by an elevation of tem- 
perature altogether above the limits of the normal. In 23 horses 
no rise of temperature whatever followed the injection. Every one 
of these 23 cases proved on post-mortem examination to be com- 
pletely free from anatomical signs of glanders. Of the 41 horses 
which gave a febrile reaction after injection, 38 were found by 
post-mortem examination to be actually glandered, but in 2 of the 
41 the most careful scrutiny failed to reveal any signs at all of a 
glanderous condition. In the remaining case one suspicious nodule 
was discovered in the lung, but did not prove infectious in a 
guinea-pig inoculated from it. 

It is found that 0 5 cub. cent, of the mallein diluted with 5 
cub. cent of 1 per cent, aqueous carbolic solution is the medium 
dose of Preusse’s mallein suitable for an adult horse. More 
recently still Nocard has prepared a mallein with which encourag- 
ing results have been obtained at the Pasteur Institute, Paris, 
There it has been tested on a large number of animals from omni* 
bus stables. Of this extract undiluted, ‘‘malleine brute,” the 
dose is rather less than the dose recommended for mallein 
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Preusse.” At the Brown Institution^ London, mallein furnished 
by Boux, of the Institut Pasteur, as well as some prepared by 
Sherrington at the Institution, has for some time been under < 
trial. The results at present obtained have not been altogether 
so thoroughly satisfactory as those reported from Dantzic ; but the 
number of cases in which the trial has been made is at present 
insufficient to afford basis for a positive opinion. {Ueher Rotz- 
lymplie. Centralb, f. Baht. u. Par^ 1892.) 

Cunningham has studied the normal behaviour of milk towards 
bacteria in general, and also towards bacilli, especially the 
“ comma ” bacillus of cholera, to which pathogenic properties are 
definitely ascribed. 

He especially bestows great attention on the properties of milk 
in the condition in which it is generally used, and the investiga- 
tions are principally made on milk as it is used in Euro]>ean 
houses and in the native bazaars in Calcutta, and are carried out 
on specimens which have been carefully preserved against con- 
tamination, some of which are boiled, and some sterilised. 

The results obtained by the author are as follows : — 

(1) The milk generally used in Calcutta contains a great 
number of bacteria, in some cases a most prodigious number. 

(2) The number of definite species is nevertheless very 
small. 

(3) All the species, the bacillus subtilis excepted, when boiled 
in the fluid a short time are destroyed. 

(4) A certain small number of spores of the bacillus subtilis 
as a rule still exist after boiling, and these cause a prodigious 
development of this species in the boiled milk. 

(5) Fermentation and curdling appear very quickly in un- 
boiled milk. 

(6) These phenomena are connected with the process of rapid 
development and increase of the bacteria which are destroyed by 
simple boiling of the fluid, and therefore in many cases do not occur 
in boiled specimens of milk. 

(7) In certain cases, however, boiling, which destroys the 
bacteria in milk, wdth the exception of the bacillus subtilis, does 
not succeed in hindering fermentation and curdling. 

(8) This depends on the fact that specimens which are taken 
from the upper layer of the milk show a much greater tendency 
to ferment and curdle than do specimens taken from the deeper 
layers. 

(9) The cultures show no difference in the nature of the 
bacteria existing in the two layers, and no important dift’erence 
in regard to their number. 
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(10) This phenomenon is, therefore, probably to be explained 
by a greater accumulation of the ferment produo^ by the growth 
of the bacteria in the upper layers, or probably perhaps as the 
result of a special accumulation of those components in milk 
which ferment, and in fermenting lead to alteration in the reaction 
and to coagulation. 

(11) A modified ‘‘curdling^’ occurs in milk which has 
been deprived of all living bacteria, with the exception of the 
bacillus subtilis. 

(12) This, however, is distinguishable from the usual “curd- 
ling ” occurring in unboiled milk, in that it is independent of the 
development of acid in any remarkable quantity, and that, instead 
of forming a big thick mass such as common coagulation does, it 
consists of a fine powder-like precipitate. 

(13) The methods which suffice to ensure sterilisation of milk 
difier somewhat in different cases in accordance with differences 
in the condition of the bacilli at the time. Methods which 
ensure sterilisation if no spores are present do not necessarily 
ensure it in the opposite case. 

(14) Complete sterilisation can be certainly obtained by 
keeping the milk at the temperature of boiling water. For some 
hours the fluid continues to remain unchanged apart from con- 
densation due to evaporation. 

(15) The milk commonly used in bazaars and European 
bouses in Calcutta is not a favourable medium for development 
of the comma bacillus, or even for its continued existence. 

(16) The introduction of the comma bacillus into the milk 
does not prevent the normal prodigious increase of common 
l)acteria of milk and the accompanying fermentation; and with 
the advance of the latter, the comma bacilli quickly cease to 
increase, and die down ; so that under ordinary circumstances 
in twenty-four hours the milk contains no more living organism 
of this species. 

(17) If, however, comma bacilli are introduced into milk 
which has been allowed to boil a short time before, they — for a 
time, at least — will in every case increase very rapidly. 

(18) The presence of the comma bacillus appears in these 
cases at times to exert a repressive influence on the develop- 
ment of the bacillus subtilis. 

(19) The repression is, however, only temporary, and the 
bacillus subtilis again appears in great abundance. 

(20) The renewal of the bacillus subtilis is often united with 
pronounced decline of the power to increase, or even with entire 
suppression, of the comma bacillus ; yet in other cases both species 
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eould subsist close together in a similar medium for several 
weeks. 

(21) Sterilised milk offers still more favourable conditions 
than boiled milk to the development and growth of the comma 
bacillus, apparently because the former is screened in the struggle 
for existence. {Arch. /, Hygiene^ xii. 133.) 

On the occasion of an epidemic of relapsing fever breaking 
out in Kief in the summer of 1890, Soudakewitoh undertook to 
study the question of the fate of the spirilla in monkeys deprived 
of their spleen. Metschnikoff had already concluded from 
investigations he had made on monkeys with relapsing fever that 
the spirilla which disappear from the blood at the conclusion of 
the attack all accumulate in the spleen, and there are taken up 
into phagocytes. Six animals were placed at Sbudakewitch's 
disposal at Kief. He first injected four monkeys, in which the 
spleen was not extirpated, subcutaneously with relapsing-fever 
blood containing spirilla, in view of repeating MetschnikoflTs 
experiments. The animals reacted most on the third day, with a 
considerable rise of temperature (41 — 42°) and a large quantity 
of spirilla in the blood. So soon as the temperature fell the 
number of the latter speedily diminished, and then three of the 
animals were killed by chloroform. Immediate examination of 
the blood from the large vessels of the first animal revealed 
numerous phagocytes containing spirilla in a degenerated 
condition ; no spirilla were here found in the spleen, but many 
were found in the spleen of the second animal, and in the spleen 
exclusively in large quantities. In the third animal neither in 
the blood nor in the spleen could distinct spirilla be shown to 
exist. In the first animal all the organs (liver, marrow, brain, 
etc.) contained spirilla, but always in the bloodvessels only. In 
the second animal they were found exclusively in the malpighian 
bodies of the spleen, and always in the interior of microphages. 
The organs of the third animal contained no spirilla, or at 
most mere remnants of them. 

The author then commenced inoculations on two monkeys 
which had been deprived of the spleen. The first animal mad6 
a good recovery in eight days, at the same time as a control 
animal which had not been deprived of its spleen, but had similarly 
been inoculated with 5 ccm. of relapsing-fever blood. After three 
days the temperature of the control animal rose, and the spirilla 
appeared in the blood; in the case of the monkey which had 
been deprived of its spleen the spirilla also certainly appeared on 
the fourth day, but its temperature was strikingly low (34*8° in 
the morning, 37*2° in the evening), and so it remainea on the 
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following days. Up to the eighth day the quantity of spirilla in the 
blood rose gradually, and the animsd succumbed with a tempera- 
ture of 34-7'’, while the normal control animal made a complete 
recovery from a moderate fever which lasted three days. In the 
animals which had been deprived of their spleen the vena cava 
inferior was found at death to contain many spirilla; they were at 
least as numerous as the red corpuscles. In part they appeared 
in star-shaped heaps joined together in hundreds (as already 
observed by Heydenreich in human subjects). The film prepara- 
tions never showed phagocytes, but only free spirilla. Contrary 
to this, however, the accessory spleen exhibited the most varied 
instances of phagocytosis and microphages, whose protoplasm was 
quite filled with spirilla partly in decay. The second monkey, 
from which the spleen had been removed twenty days after the 
extirpation, from which it made a good recovery, was inoculated 
with the blood of relapsing fever, and five days afterwards the 
spirilla appeared in the blood. As with the first animal, the 
temperature rose higher, not, however, exceeding 38®. On the ninth 
day after inoculation the animal died, with extreme increase of 
spirilla in the blood, and a temperature of 34'9*. In the blood 
and marrow phagocytosis was nowhere, or only quite exceptionally 
found. The author explains these results as a corroboration of 
Metschnikoff’s theory, which, contrary to Baumgarten^s conten- 
tion, can be well demonstrated in relapsing fever. The animal 
deprived of the spleen forms a favourable ground for the culture' 
of spirilla ; these multiply unhindered without the glands, liver, 
marrow, or the vascular endothelium being able to defend the 
animal against the parasites. That an animal without its spleen 
is less able to resist certain kinds of infection cannot be doubted, 
the author thinks, after the results obtained by Bardach and 
these new ones. But that the want of splenic phagocytes is the 
explanation remains still an open question. {Annales de VIn- 
atitut Pmteur^ No. ix. 545.) 

Kenthack has recently investigated the question of whether 
the spleen is of importance in rendering rabbits immune against 
the bacillus pyocyaneus or not. Tizzoni and Cattani have 
shown that, under certain circumstances, it is impossible to 
confer immunity against tetanus on rabbits from which the 
spleen has been extirpated. As regards tetanus, therefore, we 
conclude that the spleen is the seat of the formation of 
antitoxic substances — if not exclusively, at least in a high d^ree. ^ 
Now tetanus is the very type of a disease product d by an 
intoxication, therefox^ one must be careful not to think that all 
that happens with this disease will hold good for other bacterial' 
c c 2 
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infection. It is therefore of great importance to discover if 
extirpation of the spleen prevents one being able to confer 
immunity from infectious diseases which depend in a less 
degree on intoxication than does tetanus. To do this the author 
made experiments with the bacillus pyocyaneus. 

(1) Babbits from which the spleen had been extirpated were, 
together with other normal animals, treated according to various 
methods of conferring immunity. (2) Babbits were rendered 
immune against infection, and afterwai^s the spleen was extir-* 
pated. (i.) Three rabbits from which the spleen had been removed 
one or two weeks previously were, by means of subcutaneous 
injection, treated with filtered pyocyaneus culture (5 ccm.). 
They were proved to be completely immune against infection 
from pyocyaneus ; 2 ccm. of very virulent culture being injected 
into their veins had no efiect upon them. There appeared to be no 
difference between the normal animals and those from which the 
spleen had been extirpated, when treated in this way ; in both 
cases they were rendered immune. Control animals always died 
twenty-four hours after intravenous injection. In other cases, 
after removal of the spleen, immunity was conferred by sub- 
cutaneous or intravenous injections of small, not fatal, doses of 
virulent cultures. In these cases also the results were the same ; 
the extirpation of the spleen exercised no influence on the 
rendering immune against pyocyaneus infection, whatever way 
the confei'ence of immunity is brought about. Bouchard and 
others have shown that the blood-serum of a rabbit which has 
been rendered immune has a destroying efiect, arrests the 
growth of the bacillus pyocyaneus, and does not lose this property 
when the spleen has b^n previously extirpated. The power of 
conferring immunity possessed by the blood* serum of rabbits 
which have been vaccinated against infection from pyocyaneus 
is by no means injured by removal of the spleen, (ii) Six 
rabbits were render^ immune against infection from pyocyaneus 
and after recovery were again tested, and the spleen extirpated. 
A week after the extirpation 2ocm. of virulent cultures were 
injected intravenously. All remained healthy, while the control 
animals died within twenty-four hours. Fourteen days later 2 
ccm. of virulent cultures were again intravenously injected, with- 
out causing any subsequent injury. As before, the bacteria- 
killing property was present ; the power possessed by the serum 
for conferring immunity was not in the least upset by extirpation 
of the spleen. 

. The following conclusion must be drawn from these investigar 
tions, , viz. : that extirpation of the spleen, whether bdEore ox. 
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after inoculation, exercises no influence on the conference of 
immunity against infection by the bacillus pyocyaneus. Two 
* further points yet require discussion, i,e., the relation of the 
spleen to leucocytosis and rise of temperature. Bomer and 
others have shown that intravenous injection of poison of pyo- 
cyaneus (like other bacteria-poison) induces always an acute 
leucocytosis, and it has been lately further proved by the author 
that the increase of leucocytes principally, and often almost ex- 
clusively, concerns the eosinophile cells. Neitlier the leucocytes 
nor their relation to the rise of temperature are in the least 
altered by extirpation of the spleen. 

From the author’s paper the fact is clear that, as con- 
cerning the phenomena of infection by pyocyaneus and the 
conference of immunity against the bacillus, the spleen exer- 
cises no influence, nor is of any importance. (CeiUralb, /. 
£akt, und ParaaiL^ Aug. 1892.) 

Podwyssoski and Sawschenko give the results of their observa- 
tions on parasitic forms in cancerous growths. In specimens 
hardened with Fleming’s fluid and stained with safiranin, they 
describe sporozoa in the cells and between them occurring singly 
or in masses. They found some filled with sickle-shaped 
embryonic forms, characteristic of coccidia and sporidia. These 
sporocystic forms were, however, but rarely met with. Other 
Bickle-sl),aped forms were abundant. Besides these, there were 
many globular forms, which they regard as resting stages, and 
these varied much in size, some being hardly visible, while 
others were of a fair size. Small parasites also were found in 
some mitotic cells. These were most often found in the mamma 
and testis, and the authors do not doubt that these inclusions are 
parasites. But they cannot decide whether all inclusions are 
such, and whether the sporozoa all belong to the same s|x*cies. 
They suggest that there may be a different form for each variety 
of carcinoma. Whether they have any etiological importance 
cannot yet be proved ; further experiments and investigations 
must decide this. (Centralb. /. Bakt. und ParasiL^ xi.. Nos. 
16—18.) 

A most interesting paper has iwently appeared on some 
parasitic protozoa found in cancerous tumours by BL A Buffer and 
J. H. Walker. In carcinomatous tumours a careful examination by 
thin sections shows bodies that are certainly not the result of 
degenerative processes. They appear to possess all the character- 
istics of coccidia. The preparations were shown to Metschnikoff, 
who gave it as his opinion that the bodies were the parasitic 
protozoa described by Foa, Pfeiffer, and Soudakewitsch. The 
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authors have carefully investigated several cases of, scirrhus of 
the breast, of columnar epitheliome affecting the alimentary 
tract (stomach, intestine, colon, rectum, etc.), cancers of the* 
peritoneum and liver, epitheliomata of the tongue and epiglottis, 
together with the metastatic growths of some of these tumours 
in the glands and internal organs. At first they failed to find 
parasites in several instances, but increasing practice enabled 
. them to discover them in nearly every cancer examined. It must 
not be thought' that these parasites are to be found in large 
numbers throughout the cancerous tumour, and that it is enough 
to cut a few sections of cancer to make sure of finding some. 
Section after section may sometimes be examined and not a 
single one found, until suddenly the investigator’s patience is 
rewarded by finding a nest of these pamsites. In one case the 
authors came close to the edge of the primary tumour before dis- 
covering any, and in another case of scirrhus of the breast not 
one was found in the primary tumour, only in the secondary 
growths in glands and liver, which were crowded with them. The 
life of these parasites in a cancerous tumour is a precarious one, 
the cell often surviving its parasites. The authors attribute their 
failure to find them in some cases to insufficient examination, and 
think it a mistake to conclude that, because no parasites are seen, 
therefore no parasites are present. Their next task was to 
examine systematically the primary growth and secondary tumour 
of patients dead from cancer, and to particularly note in what 
part of each the parasites are most frequently to be found. In 
most cases the parasites are perfectly spherical. A small nucleus 
is suri-ounded by a comparatively large amount of protoplasm. 
A distinct capsule is also present, which, although not well 
marked in tissues hardened in alcohol, is plainly visible in speci- 
mens fixed in Fleming’s solution. The nucleus may be round, 
oval, or somewhat irregular in shaj^, generally lies in the centre 
of the parasite, but not unfrequently is pushed slightly to one 
side, though never quite against the side. The nucleus may lie 
perfectly isolated, but more frequently fine delicate rays stretch 
from it to the periphery. The protoplasm of the parasite may be 
perfectly homogeneous, or it may have a slightly mottled ap- 
pearance. Occasionally small granules are scattered through its 
protoplasm, and often distinct yellow-pigmented bodies are noticed. 
The parasite sometimes entirely fills the cyst in which it lies, but 
not always so — it occasionally appears as if floating in the contents 
of the cyst. The parasites above described are found only in the 
protoplasm of the cell exclusively. The nucleus does not contain 
them, and they are not met with in the lymph spaces, except in 
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the interior of cancer cells. In the majority of cases an infected 
cell contains one parasite only, but occasionally two or three, and 
as many as iifteen«are found in the same cell. Sometimes several 
cancer cells fuse together, whilst the walls between the parasitic 
cysts disappear ; then the growth of the parasites increases, till an 
enormous mass is at last formed. The more degenerated and 
fibrous the tumour, the smaller is the number of parasites ; and in 
highly-degenemted parts and in the fibrous stroma none at all are 
met with. The cancer cells containing parasites generally present 
perfectly normal appearances, or slight marks of degeneration 
only ; in other cases they become more or less vacuolated, and in 
more advanced stages the nucleus presents characteristic changes — 
its sharp outline grows dim, and the nucleus fuses more or less 
with the surrounding protoplasm. In a further stage the nucleus 
disappears, and the whole cell is converted into a kind of cyst in 
which the parasite appears to thrive perfectly. It is possible that 
with the death of the cell the parasite is set free and finds its way 
into the surrounding lymph stream. The observations made by 
the authors do not bear out the theoiy that leucocytes serve as 
food for cancer cells ; they are of opinion that the leucocytes enter 
the cancer cells, and destroy the parasitic protozoon. Not only 
did the authors find no traces of degeneration in the leucocytes 
which had penetrated into cancer cells, but near the growing ^ge 
of cancers, as well as in other parts, they often found numerous 
healthy leucocytes in the interior of cancer cells, and in most 
cases the cells containing leucocytes were those which were 
infected with the parasites previously described. The parasite 
not unfrequently wanders into the very centre of the protozoon, 
and as a consequence of this penetration the parasite degenerates 
ill its centre and at the periphery. Another very interesting 
process occurs in cancerous tumours — namely, the destruction of 
cancerous cells, by the connective tissue forming in the cancerous 
tumour. At the edge of a growing carcinoma of the liver, for 
instance, the cancer cells are in some places seen in close contact 
, with the liver cells ; in other places, however, the edge is infil- 
trated by a large number of small round cells, which are either 
emigi^ated white corpuscles, or are derived from resting connective 
tissue elements. The authors, however, do not confirm the latter 
theory. In cancer, as in the coccidial disease of the rabbit, a 
wonderful part is played by the cells derived from the mesoblastic 
layer in defending the organisms against attacking parasites. 
The struggle of the parasites for life is as easily marked and 
followed in cancer as in any infectious disease caused by vegetaUe 
micro-organisms {Jour, of PcUh.^ i, 198.) 
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Before the annual meeting of the British Medical Association 
this year A. Kanthack read an interesting paper on immunity, 
phagocytosis, and chemotaxis. Although to impartial observers 
it would perhaps seem that Petruschky^s experiments, performed 
in 1888, practically decided this question against phagocytosis, 
Metschnikoff and his followers still contend that the immunity of 
the frog against anthrax is due to the destructive action of the 
phagocytes on tho bacilli. From original observations, and others 
rej>eating and sometimes extending Petruschky’s experiments, the 
author upholds Petruschky’s opinion that phagocytes are not 
responsible for the immunity of frogs against anthrax, but that 
because the frog and its tissues are resistant against anthrax, 
therefore the phagocytes are able to take up the bacilli without 
being destroy^- by them. 

Kanthack’s investigations finally led him to the following 
conclusions : — 

(1) Tho true pus cells in the frog are eosiiiophile leucocytes 
derived from the blood in the first instance, though probably the 
cosinophile cells proliferate and increase even after they have left 
the vessels. (2) The great majority of phagocytes, which in the 
frog do not begin to show themselves until three or four hours 
after inoculation, are quite distinct from leucocytes, and appear 
considerably later than the latter. The cells, attracted by so- 
called chemotaxis, are almost exclusively eosinophile leucocytes. 
Phagocytosis is a process of repair, and not the primum inovens of 
inflammation. The latter commences long before phagocytosis is 
evident. On inoculating an immune animal with a pathogenic 
organism it is found that the process remains local, and the first 
thing observed is inflammation. This, as a rule, goes on to 
suppuration. The cellular elements of this pus, again, are 
principally eosinophile leucocytes. It is only after inflammation 
or suppuration has advanced far enough that phagocytes appear. 
This the author finds to be the case for anthrax in frogs, for 
pyocyaneus in the immunised rabbit, for hog cholera, and also for 
rabbits accustomed to cobra poison. By this it is seen that if an 
animal is more or less immune against an infective or toxic 
disease, its tissues react quickly with inflammation, accompanied 
by well-marked diapedesis and migration of leucocytes ; that 
these leucocytes are in the first instance of the eosinophile kind ; 
and that phagocytosis only appears when these processes are well 
marked. (3) The inflammation in these immune animals 
generally leads to the formation of pus. The latter has a great 
destructive action, being able to dissolve metals and tissues, and 
to destroy the growth of bacilli in the body as lyell as in the test- 
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tube. It has been seen that by chemotaxis non-phagocytic 
elements (the eosinophile cells) are attracted, and that pus, almost 
free from phagocytes, consisting almost completely of eosinophile 
gells, has a great solvent action on extremely insoluble substances, 
and a destructive action on various organisms. In such local 
suppurative processes the microbes are in a medium destructive to 
them, and phagocytes are not necessary to their destruction. 
It is therefore cei^in that from local changes no conclusion can 
be drawn as to the acquisition of immunity, and the question to 
be answered is — Why, in an immunised animal, does the lesion 
become localised, while in a natural animal it becomes diffuse 1 
Only when inflammation or suppuration has localised the process 
does phagocytosis appear; it does not realise the process, but 
merely removes what is left of the infection carriers. (4) It 
appears that the eosinophile cells give pus this destructive power, 
because pure pus consists of nothing but such cells, and by 
‘‘chemotaxis these cells are attracted.” But it must not be 
thought that this is meant to convey the idea that eosinophile 
cells are carriers of immunising bodies; the eosinophile leuco- 
cytosis makes its appearance only after the animal has been rendered 
immune. Injecting 1 cc. of pyocyaneus culture intravenously 
into a normal rabbit kills it, the eosinophile cells decreasing in 
number ; but on injecting the same quantity into an immunised 
rabbit it survives, and the eosinophile leucocytosis is markedly 
apparent. It is seen that an immunised animal when injected 
subcutaneously reacts promptly by inflammation, and the author 
thinks that this leucocytosis, produced by bacilli or their products, 
is equivalent to an inflammation of the blood. Chemical irritation 
causes an increase of the nutritive processes, and is also 
characterised by a rapid and augmented metabolic activity. The 
eosinophile ceils swell and become richer in granules, are less 
stable, and have an active proliferation. This form of leucocytosis 
may therefore, perhaps, be considered an inflammation of the 
blood. At any rate the changes in the blood are similar to those 
of other inflamed tissues, except that the blood provides the pus 
corpuscles itself. The difference, then, between an immunised 
and a normal animal is that in the former the injection is 
promptly followed by an inflammation, which is accompanied by a 
large accumulation of eosinophile cells, the cellular elements of 
pus ; and the latter has a strong solvent or destructive influence on 
otherwise resistant bodies and certain microbes, which is as 
important as that of phagocytes, and exerts its influence without 
the latter. (Brit. Med, Jour.^ 985.) 

0. ya4Male, in his experiments on nervous tissue aS a culture 
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medium for microbes, finds that many pathogenic microbes grow 
excellently on portions of the spinal cord of animals which have 
been carefully sterilised and put into test-tubes. In this way he 
studied the S. pyogen., S. erysip., and B. anthracis. The results of 
inoculating the living brains of guinea-pigs with tubercle bacilli is 
extremely interesting. All the animals thus treated died, but 
when examined they showed no local tubercle, very numerous 
bacilli being found free in the fluids of the ventricles, etc. By 
these investigations it is seen that tubercle bacilli can multiply 
well in the nervous system. (Jtiv. Sjjer, di Freniatria^ Fasc. 1, 
1892.) 

Bombicci, working in Tizzoni’s laboratory, has studied ^the 
possibilities of the diffusion of influenza by the inhalation of the 
specific bacilli in a dry state. He finds (1) that the influenza 
bacillus preserves both its vegetative and pathogenic powers for a 
considerable time after it has undergone desiccation ; (2) tliat the 
symptoms of influenza can be induced in rabbits by causing them 
to inhale the dry bacilli j (3) that the disease produced in rabbits 
is in some cases limited to a transitory rise of temperature, but in 
others is characterised by broncho-pneumonia, more or less severe; 
(4) that one of the means of diffusion of the disease is certainly the 
air, and that one, if not the only, way by which the virus is intro- 
duced into the organism is through the respiratory tract, {lii/. 
Med., August 18th.) 

Immunity. 

Hankin and Westbrook have investigated the subject of the albu- 
moses and toxine secreted by the bacillus anthracis, and think 
from them they can explain the reason of Petermann^s failure to 
find any immunising properties in the albumoses which he 
obtained If the anthrax cultures be made at a temperature of 
37° C., albumoses and peptones are formed ; but the former will 
be found to possess no immunising action. If, however, the cul- 
tures be made at room temperature, different albumoses will ap- 
parently be produced, corresponding in their properties with those 
described by Hankin in a former publication. An infinitesimal 
dose of these substances injected into mice would confer an 
increased resistance to virulent anthrax. A number — varying 
between 10 and 50 per cent. — of the animals resisted a single sub- 
sequent inoculation. Out of twelve animals which survived the 
first inoculation eleven succumbed to a second, and the twelfth 
failed to resist a third inoculation. The protection, therefore, is 
only temporary. The following are the conclusions drawn from 
the authors’ further investigations : — 

(1) Th^ bacillus anthracis forms, as a result of its growth, a 



proteolytic ferment which is capable of femi^ fi®P 

.proteid material, but possesses no immuntsiiig power qgaiMt 
anthrax. 

(2) The bacillus produces directly another albumos^ wbkm 
can be procured in a state of alm(»t complete purity, if the culti- 
vation be carried on m a medium of pure peptona This 
albumose possesses distinct immunising powers. 

(3) In ordinary doses the albumose has no toxic effect upon 
animals which are susceptible to anthrax, but ,in animals which 
are comparatively resistant it acts as an energetic toxin. 

(4) In young rats the albumose gives rise to no toxic effect, 
though in ^ult animals it produces acute poisoning. (A 7 in. de 
VInstitut Pasteur^ September, 1892.) 

Valliard and Bonget have made the following additions to the 
observations on tetanus published by one of them last year. The 
toxine of tetanus is greatly weakened but not absolutely 
destroyed by prolonged exposure to a temperature of 80'" 0. 
Tetanus bacilli and spores contain in themselves large quantities 
of toxine, which it is very difficult to remove by either heating or 
prolonged washing on a filter. Rabbits can resist a dose of toxine 
2,000 and even 3,000 times greater than that which is fatal to 
guinea-pigs. Temperatures of 70^ or 80° C. do not kill the spores, 
for when they are injected with a minute trace of lactic acid, they 
at once become active and intensely virulent. When toxine-free 
spores are introduced into an anim^, they do not germinate, but 
become speedily engulfed in leucocytes. Two or three days later 
no spores can be discovered, and probably degeneration is already 
taking place in some of those enclosed in the cells. This is more 
marked after a week or so. When the leucocytes are again 
disabled with lactic acid, on the other hand, they do not 
congregate as before, and the spores are able to germinate in the 
somewhat devitalised tissue, and produce their toxine. Tetanus 
spores thus do sometimes develop under certain abnormal 
conditions : the existence of haemorrhage, efiusions, bruised 
muscles, subcutaneous fractures, etc., often enables the spores to 
get a footing; clean, aseptic, and surgical wounds do not, how- 
ever, seem to favour the development of the spores. Sterile 
foreign bodies, impregnated with toxine-free spores, do not seem to 
aid their growth. Should the wound become septic, then tetanus 
rapidly appears. A tetanigenous earth will produce tetanus in 
guinea-pigs. If heated to 85°, it loses this power. This tem- 
perature kills all other microbes present excepting the tetanus 
spores. If these are again associated with aerabic microbes, they 
once more become active. This association with other microbe 
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is found to be the same in the human subject; pus taken 
from the primary injury contains numerous other microbes besides 
the tetanus bacillus. These other microbes attract leucocytes to 
the spot; the leucocytes are weakened or destroyed by the 
metal^lic products of the auxiliary bacteria, and thus become 
fit pabulum for tetanus bacillL Inoculation of tetanus from 
one animal to another quickly fails, owing to the ease with 
which the auxiliary bacilli lose their power of developing in the 
tissues. After about the third passage these almost disappear, 
and there is left nearly a pure culture of tetanus bacilli. This 
accounts for the difficulty with which the disease is spread. So- 
called idiopathic tetanus is due to a previous infective injury. 
Spores may be introduced, and, though enveloped by leucocytes, 
sometimes escape rapid destruction ; and any sort of ill-health, such 
as a bruise or chill, etc., is in favour of the spore. Large wounds 
are less often followed by tetanus than are small ones, perhaps for 
the reason that they are more carefully treated with antiseptics. 
(Anil, de Vlnstitut Pasteur^ June.) 

Brieger and Wassarman publish the results of their further 
investigations on protective inoculation of animals against Cholera 
Asiatica. Cholera bacilli were grown upon a watery extract of 
calPs thymus for 24 hours. The culture medium was then kept 
at 65® C. for 15 minutes, or at 80® 0. for 10 minutes, and sub- 
sequently placed in the ice-chest for 24 hours. Intraperitoneal 
injections of this fluid were made upon guinea-pigs, which there- 
after proved immune to cholera bacilli of such virulence as to 
produce rapid death in the control animals. The minimal dose 
necessary to protect a guinea-pig of from 300 to 400 g. weight 
against a fatal dose of cholera culture is 2 cc. (1 cc. injected on 
two successive days). The authors find that an equal effect is 
produced when the infected thymus-extract has been merely set 
aside in an ice-chest for several days without any warming. 
Precisely similar results were obtained with ordinary bouillon 
cultures of cholera bacilli which had been kept at 65® C. for 
15 minutes. In this case also 2 cc. was the minimal dose 
necessary to confer protection, which was still complete after 
the lapse of two months. The authors promise a more detailed 
communication. (Deutach. med, Wochenschr.^ Aug. 4.) 

Behxiiig and Wernicke have recently made experiments on 
conferring immunity to, and the experimental cure of diphtheria. 
The destructive effect of the serum of specifically protected 
animals on the poison of the diphtheria and tetanus bacilli both 
in and outside the body was first observed by Behring and 
Kitasato. This was followed quickly by conclusive researches on 
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tetanus by Tizzoni and Cattani, who have recently employed the 
treatment on human subjects, and already met with favourable 
results. Then came the analogous investigations made by 
Emmerich on swine erysipelas, and on the bacteria of pneu- 
monia (Emmerich and Fowitzki, Foh and Oarboni, G. and F, 
Klemperer), and from these collective results the conclusion is 
clear that in all cases the blood and serum of specifically pro- 
tected animals acts as an antidote against the poison of the 
particular virus. In the present paper the author gives an 
account of the further results of these investigations of and experi- 
ments on diphtheria. The results are highly remarkable, and the 
method is far enough advanced to be alre^y employed for the 
benefit of mankind. 

The first thing to be done was to find out a practical method 
of conferring immunity on the animals subjected to research. 

While immunisation was formerly obtained through infection 
of guinea-pigs with diphtheria bacillus and immediate local treat- 
ment with trichloride of iodine, the authors now, with far better 
results, let the trichloride of iodine act on filtered poisonous 
cultures outside the body ; that is to say, they made weak diph- 
theria poison, and this is then employed for the immunisation. 
The dose of diphtheria poison treated with trichloride of iodine 
was always so large that it elicited a distinct local and general 
reaction, and it was seen that the strength of the dose must be 
each time increased in order to obtain with successive doses a 
reaction of similar degree. 

If the reaction is poor, the protective infiuence is slight or 
absent altogether ; and if the reaction is strong — a circumstance 
accompani^ by progressive emaciation of the animals used for 
experiment — protection is also usually frustrated. They succeeded, 
however, in rendering guinea-pigs and sheep fairly secure from 
infection. With rabbits a different method had to be chosen; 
either a long series of doses of diphtheria poison into the 
stomach or, letter, subcutaneous inoculation with the lime pre- 
cipitate thrown down in very poisonous but spore-free cultures. 
To this precipitate, according to the observations by Boux and 
Yersin, ^e poison of diphtheria mechanically adheres. The pre- 
cipitate must be pulverised and heated for an hour at 77** C. 
Five millegrams of this diphtheria lime-powder placed under the 
skin suflSced to cause extensive phlegmonous inflammation all 
round the seat of inoculation. I^ter, large quantities of the 
powder could be gradually made use of. 

Closely corresponding to the degree of immunity of the animals 
is the curative effect to be obtained with its blood and serum. 
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The authors indicate the degree of power of conferring immunity 
possessed by the serum, in terms of the smallest dose of serum, 
which up to the present has been efficient on guinea-pigs. For 
instance, from an animal, the degree of immunity possessed by 
which is to be defined, a sample of blood is taken, and with the 
serum obtained from it a series of guinea-pigs are injected ; a day 
later a certain quantity of diphtheria culture was injected 
sufficient to kill a full-grown guinea-pig in three or four days’ 
time. The way in which the serum confers immunity on the 
animals so treated consists most certainly not merely in inducing 
the particular change of constitution evinced, but in the animal 
receiving, in virtue of the serum injected, certain of the capabilities 
and properties of those animals from which the serum is obtained. 
For the attainment of a curative effect larger quantities of serum 
are requked than for conferring immunity. The power, moreover, 
lies in the serum ; the entire blood displays little power ; and the 
dried and afterwards with salt water extracted blood corpuscles 
produce but meagre results. 

As to the chemical nature of the curative bodies in the serum, 
the authors admit they do not know anything precise. {Zeitachr. 
f. Hygiem und Infectionskrardcheiteriy xii. 811.) 

N, Pane, writing on the action of the serum of rabbits’, dogs’, 
and pigeons’ blood on anthrax bacilli, holds that the rabbit is 
less susceptible to anthrax than is supposed. In opposition 
to Lubarsch, Paiie holds that of tissues possessing the power 
of killing bacteria, especially the bacillus of splenic fever, 
the subcutaneous possess it in higher degree than does the 
circulating blood. A ccm. of serum from the blood of a 
freshly-killed rabbit destroys from 167 to about 8,000 bacilli; 
the power of killing bacteria is therefore significantly higher 
outside than inside the body. Guinea-pigs which had been 
inoculated with from 30 to 160 bacilli, and into which 1 ccm. 
of serum of blood from a rabbit had previously been injected, 
died of typical anthrax, with very little delay of the date 
of death. They, however, remained alive if they were mei’ely 
inoculated with from 1 to 10 bacilli of anthrax and with 1 ccm. 
of blood-serum, while on the other hand four out of five control 
animals died. Hence the blood-serum of rabbits, if injected into 
guinea-pigs, is able to render them immune from anthrax bacilli. 
The blcMxl-serum of dogs exercises no injurious effect upon anthrax 
bacilli if they are introduced in the proportions of less than 100 
bacilli in 1 ccm. of serum ; indeed, they thrive in it well. The 
attempt to make guinea-pigs insusceptible to anthrax by means of 
injection of dc^s serum was not successful. Pigeon’s serum 
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displays the same want of power to destroy anthrax bacilli. 
Heating up to 55® O. for half an hour does not destroy the 
bacteria-killing property of rabbit serum ; 1 per cent, sodium 
carbonate solution kills anthrax bacilli in ten minutes, 2 per cent 
sodium bicarbonate solution kills them in one hour. Perhaps the 
alkalinity of the rabbit serum has something to do with its i>ower 
of killing bacteria. (Biviata. Clin, e Terap., xiii. 481.) 

Sidney Martin has this year achieved a further remarkable 
success in the chemistry of the specific fevers. He has isolated 
from the bodies of persons dead of diphtheria poisonous substances, 
obtaining them more abundantly from the spleen than from other 
organs. The poisons are in nature albumoses, that is to say of 
proteid, and soluble in water, while incoagulable by heat. With 
the albumoses is associated an organic acid. The symptoms pro- 
duced by these poisons are chiefly local inflammation and irregu- 
larity of temperature, accompanied by loss of weight and followed 
by disseminated paralyses, especially of the hind limbs. Martin 
has also found that the bacillus diphtherise forms from proteids 
products of the same chemical nature as those found in the 
bodies of patients dead of diphtheria — namely, albumoses and an 
organic acid. The albumoses formed by the bacillus diphtherise 
in artificial cultivation have in single and multiple doses the same 
physiological action as those found in cases of diphtheria in man. 
The progressive paresis of the muscles which they produce is 
dependent on a degeneration of the peripheral nerves. The 
bacillus diphtherise is therefore the primary infective agent in 
diphtheria. From Roux and Yersin^s work it is obvious that a 
much more virulent poison than any existing inside the body of 
patients suffering from diptheiia exists in the diphtheritic mem- 
brane at the surface of the body. The chemical pathology of 
diphtheria is similar in a sense to a digestive process, and can be 
termed diptheria digestion. 

Diphthekia Digestion. 

Primary Infective Agent, Secondary Infect ice Agent, Digestive Products, 

Hetero-albumose 

Baoillus diphtherise. Diphtheria ferment Proto-albumose 

(Roux and Yersin), Deutero-albumose 

Organic acid. 

It is evident that the primary infective agent in diphtheria is 
the bacillus diphtherise ; that this liberates in the membrane a 
ferment which, when absorbed, digests the proteids of the body, 
forming albumoses and an organic acid. These digested products 
are the agents in producing death, in causing fever, the depression 
and the paralysis which follow diphtheria. It is clear, from the 



448 


THE TEAR-BOOK OF SCIENCE. 


cases of diphtheria which have been described, that the diphtheria 
products found in the body do not all come direct from the mem- 
brane. In case 1, for example, only small flecks of membrane • 
were found in the larynx, and yet in the body a large quantity of 
the diphtheria products was discovered. The large amount of 
albumoses and organic acid found in the spleen also shows that 
something more than absorption from the membrane is going on. 
There is no reason to suppose that these products merely accu- 
mulate in the spleen, and their specific physiological action shows 
that they are foreign to the organism. It is more probable that 
the ferment absorbed from the membrane digests the more or 
less stagnating proteids in that organ ; and we know, indeed, that 
the spleen contains a proportionately larger quantity than the 
blood of bodies formed from proteids, such as uric acid, xanthin, 
etc. (Gotdstonian Lectures, Royal College of Physicians, March.) 
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SYSTEMATIC AND GEOGRAPHICAL BOTANY. 

By W. hotting HEMSLEY, F.R.S., A.L.S. 

Nomenclature. 

This subject is placed first, because there has been unusual 
activity in this direction. 0. Euntze's ‘‘ Eevisio Genera 
Plantarum Vascularium omnium atque Cellularum multarum 
secundum Leges Nomenclaturje Internationales,” of which some 
particulars were given in this publication last year, has caused 
considerable commotion in the botanical world, and has given 
rise to no inconsiderable amount of writing on this difficult 
subject — for diflScult it is, whatever standpoint is taken ; and 
it has also given rise to action in the matter of names. 
Briefly stated, the question involves the earliest authority for 
generic and specific appellations, and especially the authority 
for the earliest combination of genus and species under what 
is generally accepted as the right genus. The extremists, on 
the one hand, hold for the adoption of the earliest generic and 
specific names that can be traced to a plant, no matter Jiow 
obscure or how remote, and the authority for such names, the 
author who first used them, either separately or in combination, 
whether before or after Linnseus promulgated his binominal 
system of nomenclature. That is to say, any accidental or actual 
reduction of the old diagnostic phrase to two words, deemed 
generic and specific, in any earlier author’s works, is considered 
sufficient to warrant the use of that particular author’s name as 
the authority for such combination -under the binominal system, 
provided, of course, any such combination is still in use — and 
there are many. , But the matter of “ authority ” is of littlo 
importance beside the question whether a name that has been 
in general use for a hundred years or more should be replaced by 
a forgotten one applied by an earlier author, whether a month 
earlier or fifty years ed»rlier. On the other hand, the conserva-. 
tives, if they may be so called, would continue to use names 
that have long biwn current, regardless of the law of priority, 
though they would observe priority in all recent wort Of , 
course -there is much to be said for aud against both stHct 
D D 
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priority and convenience or expedience in the matter of no- 
jnenclatui*e. Yet to the philosophic mind it is of the very 
smallest importance what name you give an object, provided 
it is generally understood what is meant If a genus or a 
species were an exact quantity, concerning which there could be 
no dispute, then we might and could insist on strict rules in 
nomenclature. As it is, however, much depends upon the course 
taken by the larger botanical establishments. Fortunately, the 
current of opinion seems to be strongly in favour of taking the 
first edition of Linnseus’s “Species Plantarum ” (1753) as the 
point of departure. Further, the German botanists, almost 
unanimously, and supported by many of the most influential 
botanists of other countries, propose retaining (see Bei^hte der 
deutscJien hotanisclisn Gesellschajly x. 332) familiar current 
generic names, though earlier generic names have been applied 
to some of the species of the genera in question. This course 
is likely to meet with favour, except with those who regard 
the disinterring of obscure names as “science” and “erudition,” 
But this is not the place to discuss the matter, and we have 
only space to give references to some of the more important 
utterances on this point. 

ITie Director of Kew Gardens, Mr. Thisclton-Dyer (Nature^ 
xlvii. 53), most emphatically subordinates priority to con- 
venience ; and in the same place a letter is rejuinted setting 
forth the views of the late Dr. A. Gray and Dr. S. Watson, 
of Harvard. On the other side we may cite the editors of the 
Bulletin of the Torrey Botanical Club, New York (N. L. Britton), 
of the Journal of Botany^ London (J. Britten), and of Pittonia^ 
Han Francisco (E. L. Greene), in their respective publications, 
though they are not in accord on all points. 

It may also be mentioned that an attempt has been made 
in the recently issued “ Supplement to English Botany ” to carry 
out the law of priority, with the result that a young botanist 
appears as sponsor for the .names of a number of familiar 
British plants. One thing to be said in favour of the conserva- 
tives is that they continue to use names commonly found in books. 

Descriptive. 

Many papers summaiised here are a combination of de- 
scriptive and geographical work, but the predominating element 
has influenced the classification. 

The British Flora. 

Two parts of the promised Supplement to “ English Botany ” 
have appeared, “compiled and illustrated” by N. E. Brown ^ 
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They run from the Banunculacese to the middle of the Rosacese. 
The plants figured are : Ranunculus fiabellatus, Desf., formerly 
found near St. Aubin, Jersey; Brassica Napus, L., ‘‘ to be sub- 
stituted for plate 88 in vol. i.;” Arabis alpina, Linn., from the 
Isle of Skye; Polygala amara, Linn., “not of Jacquin;” Clay- 
tonia sibirica, Linn. (Portulaceae), naturalised in several places 
in the North of England and in Scotland ; Lavatera cretica, Linn., 
a plant resembling Malva sylvestris, colonised in two or three 
localities in the West of England ; and Potentilla norvegica, 
Linn., which has established itself in several counties. Figures 
of these introduced plants are perhaps even moi-e useful from a 
botanical standpoint than figures of our very common plants ; yet 
it would be difficult to determine where to stop. The text of 
these two parts will be welcome to persons interested in the 
history of names, as much care has evidently been bestowed on 
working out generic priorities. 

Part iii. has since appeared, completing the first volume of 
the Supplement, and carrying the work on to the Dipsacese. The 
plants figured are : — Pyrus rotundifolia, P. pinnatifida, P. semi- 
pinnata, P. cordata, and Selinum carvifolia. 

A new Ranunculus — R. petiolaris — is figured and described 
(Journ. BoU, 1892, p. 289, t. 328) by E. S. MarshaU. It has 
been found in abundance on the gravelly margins of small Highland 
lakes in Argyle, Skye, and Sutherlandshire, and it grows by pre- 
ference in water two or three inches deep, sometimes associated 
with Subularia aquatica. It is very closely allied to R. flammula 
(Linn.), from which it diflers in the radical leaves being reduced 
to short, subulate, recurved petioles, and the petals are very much 
narrowed at the base. So far these characters are constant 
under cultivation. 

A supposed hybrid orchid, between Habenaria viridis and 
Orchis maculata, is figured and described {Ann, vi. 325, 

t. 18) by E. A Bolfa. It was found by Mr. C. H. Spencer 
Perceval near Longwitton, in Northumberland. Natural hybrid 
orchids are not so very rare on the Continent, but very few are 
recorded as British. 

A key to British Rubi, or rather an “ essay '' at one, prepared 
by W. Moyle Rogers {Journ. Bot, 1892), will be a great help 
to students of this fascinating genus. 

A new British Rubus — R. Durotrigum — is described {Journ, 
Bot.^ 1892, p. 15) by E. P. Murray. It was found plenti- 
fully in bushy ground, adjoining Charlton Down, Dorset ; and 
the specific name “refers to the Durotriges, a people who formerly 
occupied this part of the country.” 

D D 2 
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W. A. Clarke has comiDenced publishing (Journ. 1892) 
a most useful and interesting compilation, entitled First Records 
of British Flowering Plants/^ Apart from its interest it opens 
up a view into the literature of British botany. The starting- 
point is Turner’s lAbellus de re Herbaria Novua^ 1538. 

G. Masses has published the first volume of a new British 
Fungus Flora ; ” and it is estimated that two more volumes will 
be sufficient for the description of the whole of the British Fungi. 
It is now twenty-one years since the last complete British Myco- 
logical Flora was published, and during that period the number 
of species has been nearly doubled. The number of species 
described in Cooke’s ^‘Handbook” is 2,810, whereas, Mr. Massee 
says, ‘‘the species now number 4,895, and are distributed as 
follows: — Basidiomycetes, 1,980; Ascomycetes, 1,275; Spheer- 
opsidese, 685 ; Hyphomycetes, 580 ; Uredinese and Ustilaginefie, 
230; Phycomycetes, 145.” The present volume treats of a portion 
of the Basidiomycetes, or what may be termed macroscopic fungi, 
including the more familiar genera, Lycoperdon, Boletus, Poly- 
porus, and the Agaricineae. Mr. Massee has taken the various 
works of the late Professor E. Fries as the basis of the descrip- 
tions, but he has departed from him in one important particular. 
The genus Agaricus, as understood by Fries, consisted of hun- 
dreds of species, which he grouped in sections. In the present 
work these sections are raised to generic rank, which simplifies 
the nomenclatura Thus Agaricus (Hypholoma) capnoides be- 
comes Hypholoma capnoides. In this way Agaricus itself is 
restricted to a dozen species. A good plan has been adopted in 
this work : instead of adapting and more or less modifying the 
descriptions of other authors, they are given word for word, and 
the source cited in brackets at the end ; hence it is not difficult to 
distinguish the original from the borrowed ; and the compiler 
takes no responsibility for the possible errors of his predecessors. 
So many of the fungi are exceedingly rare that this course is 
almost a necessity. Details are given of the most useful and 
interesting species. 

Tlie Asiatie Flora.* 

Flora of British Indm. — Sir Joseph Hooker’s great work has 
reached the eighteenth part— that is, the second part of the sixtli 
v olume. This xjontains the petaloid monocots i after orchids, and 
about half the palms, of which 34 genera are represented in India. 

The third vcdume of the Armais of the Boyal Botanic Garden, 
Calcuttc^ was actuaUy completed in 1891^ but only portions of it 
reached this country. D. Prain’i monograph of the Indian qpecies 
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of Fedi()ulArIi^ was noticed last year. Since t&en we have seen 
the 37 excellent plates illustrating the species. Dr. Prain also 
contributes an illustrated monograph of Gomphostemma, a small 
genus of the Labiatse. The rest of this huge volume is the. work of 
Dr. G. King, and comprises monographs of the Magnoliacese and 
the species of. Myristica (nutmegs) of British India* As in 
previous monographs, the whole of the species are figured. The 
Magnoliacea; are illustrated by 37 plates, including a small number 
of new species. Myristica numbers 86 species, of which a large 
number are here figured and described for the first time. With 
one exception, M. canarioides, these trees are dioecious, and it is 
often exceedingly diflicult to identify from herbarium materials 
the males and females of the same species. The exceptional species 
mentioned bears the male and female flowers on the same tree. 
The synonymy of the common nutmeg of commerce is Myristica 
fragrans, Houtt, syn. M. moschata, Thunb., and M. oflScinalis, 
Linn. f. 

The fourth part of G. King's work. Materials for a Flora of 
the Malay Peninsula^ is devoted to the Anonacea?, and affords 
further proof of the immense wealth of the arboreous element of 
the Malayan flora. Nearly 200 species belonging to 25 genera 
are described, and out of these 76 species are new. Very few and 
slight changes have been made in the limitation of the genera, 
which is certainly remarkable with this great accession of species. 

Rechercliea sur les Dipterocarpacees is the title of an essay 
F. Heim has published on the anatomy, organography, and classi- 
fication of this important natural order of trees, in the form 
of an introduction to a general monograph of the order, hich he 
contemplates writing. Recent and older previously unelaborated 
collections from the Malayan region contained such a vast 
quantity of new material that it is not surprising to find that he 
has established a number of new genera, though it is probable 
that ho will reduce some of them himself when he comes to deal 
with all the species of the order. He proposes about a dozen new 
genera — a third of them tentatively, it should be explained. Some 
of these genera, on the other hand, are remarkably distinct. 
With regard to the limitation of the order, Dr. Heim would 
exclude Lophira and Monotes, commonly referred here — at least 
the latter. The former has been regarded by many botanists 
as the typ0 of a natural order itselfi The latter Dr. Heim would 
place near Grewia in Tiliace«. Anatomical characters greatly 
influence the author in some 6f the changes he has made. 
Ancistrodadus is also treated as the type of a natural Grder, and 
most botal&ts will agree with view. This essay Ahminclodes 
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excellent plates of the genera Leitneria, Ohapman, and Mastixia, 
Blume. 

Otto Stapf has monographed the Sonerilese of Asia {Ann. 
BoL^ vi. 291, with a map showing their distribution), and 
has given his views of their affinities. He founds two new 
genera — ^namely, Fordiophyton and Gymnagathis — both of which 
had been referred, with some reservations, by Prof. D. Oliver, 
to Sonerila itself. Both genera differ from Sonerila in having 
tetramerous stamens and two whorls of inappendiculate stamens ; 
and tlie former from the latter in having large membranous 
deciduous calyx-teeth. 

7'he Vegetation of the Coco group is the title of a very elaborate 
paper {Journ. Asiatic Soc. Bengal^ vol, lx., part 2) by D. Prain, 
dealing with the character and distribution of the plants forming 
the vegetation of these islands. The Cocos are a small group of 
three islands — Table Island, Great Coco, and Little Coco — lying 
about 30 to 45 miles north of Landfall Island, the most northerly 
of the Andaman group in the Bay of Bengal. Dr. Prain’s 
analysis of the flora is the outcome of two short visits in 1889 
and 1890. He gives very full details of the local conditions 
and of the composition of the vegetation in various localities in 
the three islands, also of the means by which he supposes many 
of the plants reached the islands. He concludes that 80 per cent, 
of the flora may have been introduced — namely, 9 per cent, by 
human agency, 28 per cent, by birds, 17 per cent, by winds, and 
28 per cent, by the sea. The total number of species collected in 
the group was 358. Xylaria clavarioides is the only new species 
described. {See also below, p. 472.) 

The same author in the same journal (pp. 156 — 175) gives an 
account of a visit to Little Andaman and the Nicobars, with a 
catalogue of the plants collected, and notes on those of special 
interest. No new species were collected. 

L. Pierre’s huge “ Flore Forestifere de la Cochinchine has 
reached the seventeenth part and the 272nd plate. As heretofore, 
the plates are full of detail, and one is filled with wonder at the 
vast and elaborate scale of the work. This part contains the end 
of the Dipterocarpeae, the Stryacese, Simarubese, Olacineae, and 
Malpighiaceae. Many curious new plants are figured, and Dr. Pierre 
enters into minute details of their affinities. The question of 
priority in nomenclature of genera often comes under discussion. 

JVew Cbinese and Japanese plants. 

A. Frmaohet has published many more novelties, including a 
monograph of the lalies de Botcmique^ Sept., 1892), where 
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he describes about a dozen new ones, some of them highly orna- 
mental. He has also contributed an account {Butt. Soc. BoL 
France^ xxxix. 126) of the species of Leontopodium (Edelweiss), 
or Gnaphalium § Leontopodium, from which we learn that eight 
species out of ten occur in China. W. B. Hemsley has a jjaper 
{Journ, Linn. Soc.^ xxix. 298, pis. 29 — 33) on a collection of 
plants made by Mr. A. E. Pratt in Western China, with descrip- 
tions of new species from various collections. The new specie.; 
belong largely to* the genera Rubus, Saussurea, Primula, and 
Lysimachia ; and there are five new orchids described by 
R. A. Rolfe ; but the most interesting of all is a distinct new typa 
of Oxyi ia, of caulescent habit. The only previous known species, 
O. digyna, is widely spread all round the northern hemisphere in 
cold latitudes and altitudes, though it has not hitherto been found 
either in China or Japan. It may be added, from the writer’s 
own knowledge, there are yet hundreds of Chinese plants in the 
herbaria of Kew and Paris awaiting description. 

The Japanese Botanical Magazine contains figures of several 
new Japanese plants, among them Saxifraga Watanabei, a giant 
species with large palmate leaves ; Senecio Makineanus, Calanthe 
kirishimensis, and Polygonatum amabile. 

A. Batalin has taken up the work of the late Mr. Maximowicz, 
in so far that he has commenced the publication of fasciculi of 
new Asiatic plants, chiefly Chinese, some of them collected 
by Dr. A. Heniy. Two fasciculi have appeared {Acta Horti 
Fetropoliiani^ vols. xi. and xii ), and they contain descriptions of 
twenty-seven new plants, mostly of an ornamental character, be- 
longing to such genera as Prunus, Ribes, Lonicera, Rhododendron, 
Primula, and Incarvillea. Corallodiscus is a proposed new genus 
of the Cyrtandreae, most nearly related to Haberlea. Judging 
from the dimensions given, it must be quite a miniature member 
of this order, which is represented in China by so many charming 
little plants. 

Australasian and Polynesian Flora. 

The genus Stylidium . — tinder the title “ Iconography of 
Candolleaceous Plants,” Sir Ferdinand von Mueller has issued, under 
the auspices of the Victorian Government, the first decade of 
illustrations of this interesting, large, and almost wholly Austra- 
lian genus. Nearly a hundred species of these often elegant 
little herbaceous plants inhabit Australia, and they present not 
only great diversity in the foliage and inflorescence, but also very 
marked and diversified characters in the seed-vessel. 

Ferns of Queensland . — F. M. Bailey has issued ‘‘ lithograms 
of all the known Ferns of Queensland. The book is am octavo, 
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and tbe figures not of the clearest ; but they will, nevertheless, be 
of great service to the student. 

Flora of Melville Island , — This island is situated about forty 
miles to the north of Port Darwin, North-West Australia, A 
Government exploring party visited it in 1887, and Mr. M. Holtze 
has recently given an account of the vegetation {Trans, Hoy, Soc, 
South Australia^ xv, 114), together with a list of all the plants 
observed. The vegetation is much more strictly Australian 
in character than it is on the eastern coast, where the tropical 
clement is more prominent. The timber-trees consist largely of 
Eucalyptus, Grevillea, Acacia, Bombax, and Metrosidcros ; and 
Leguminosae, Myrtaceae, and Proteaceae are specially numerous in 
species. Mr. Holtze states that Lycopodium cernuum was the 
only plant met with that he had not previously collected on the 
mainland. A curiosity was discovered in the form of a palm, 
Livistona humilis, with four distinct branches. 

£. Brake del Castillo has brought to a close^his ^‘Illustra- 
tiones Florae Insularum Maris Pacific! ’’ with an enumeration of 
all the plants known to him from the Fiji, Tonga, Samoa, Society, 
Marquesas, and Hawaian Islands. This work is a quai-to of 458 
pages, with 50 beautifully executed plates by D’Apreval. It is 
doubtless, so far as the French islands are concerned, very com- 
plete, but it does not include nearly all that is known from the 
Fijis, for example. Nevertheless, it is a valuable contribution to 
botanical literature. Thirteen out of the 50 plates represent new 
species of characteristic Polynesian genera. 

New Genera of Sapotacece from Polynesia, — W. B. Hemsley has 
published {Annals of Botany^ 203, tt. 11-14) two proposed 
new genera of Sapotaceae — Chelonespermum and Cassidi- 
spermum. They are remarkable for the unusual shape of their 
seeds, upon which the genera are really founded. In Chelone- 
spermum only one out of two ovules develops into a seed, 
which is enclosed in a fleshy egg-shaped fruit about three inches 
long. The seed is erect, and presents two very different surfaces, 
which may be termed dorsal and ventral. The dorsal surface is 
smooth, shining, and brown in colour, resembling in miniature the 
carapace of a turtle or tortoise with an overlapping margin. The 
ventral surface, the side of the attachment of the seed to the 
placenta, is quite different in texture, and is more or less 
tuberculate, spinose, or lamellate. These plants are natives, so far as 
known, of Polynesia, two species having been collected in the 
Solomon Islands and one in Fiji In the Solomon Islands the 
natives call the seeds ^Hurtle seeds,’’ hence the generic name 
selected. Oassidispermum has seeds similar in character but 
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sphjeroidal in shape, and very different in the shape wd position 
of the embryo. [See also Antarctic Islands^ p. 461.] 

The African Flora. 

Contributions to the Flora of Tropical and South Africa . — 
Under the title ^‘Beitrage zur Flora von Africa” various botanists 
have worked out (Engler^s JahThucher^ xv.) the new material of a 
number of natural orders — among them, the Burseracese, Ana- 
cardiaceip, Tiliaceae, Sterculiacese, Monocotyledones Petaloideae, 
Turneracejp, and Aroidoae. Numerous new species are described, 
and the following new genera : — Hydrophrynium (Scitamineae) 
and Alocasiophyllum and Pseudohydrosma (Aroidese). Phyllodes 
is a revived name for Phiynium, and Donax for Calathea. It 
seems a pity to make such cumbersome specific names as Meyeri- 
Johannis. In the same publication Dr. K. Schumann has an 
illustrated paper on the caoutchouc plants of Africa, with 
descriptions of some new species. 

Zum Rudolph-See und Stephanie^See^ by Ludwig Ritter von 
Hohnel. In this book Dr. G. Bchweinfurth gives a list of the plants 
collected, together with descriptions of many new species, and 
one n^w genus, Hohnelia, of the Composit«, allied to Spargano- 
phorum. 

Flora of Bourbon Island . — The first part of tlie long-expected 
Flore de Tile de la Reunion” (by E. J. de Cordemoy) has 
appeared. It contains the vascular cryptogams. The ferns 
number 197 species, of which 23 are, on the authority of the 
author, peculiar to the island. Some of these, we believe, are 
described for the first time, though this is not stated. Ten 
Species of Lycopodium and eight of Selaginella, with Psilotura 
triquetrum, make up this part. The genera are figured. 

The Ferns of South Africa . — A fully illustrated and carefully 
compiled handbook, by T. R. Sim, has just appeared. 

The American Flora. 

The Silva of North Ainerica .^^ — The beautifully illustiRted 
work bearing the above title will consist of about twelve quarto 
volumes, of which four have already appeared. It will contain 
uncoloured figures, descriptions, history, synonymy, distribution, 
uses, etc., of all the trees and large shrubs of the whole of Nortli 
America, exclusive of Mexico. Evidently neither time nor expense 
has been spared in the production. The drawings by C. E. Faxon 
are admirable, and the engraving by the brothers Picart, under 
the superintendence of the veteran botanical artist Riocreux, is 
deserving of all praise ; whilst the exhaustive though concise 
text, by Professor Sargent, is a model of accuracy and a mine of 
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information. The arrangement is systematic, the sequence of 
Bentham and Hooker^s Genera Plantarum being adopted, and the 
fourth volume brings the work down to the end of the Eosacese. 
As the greater part of the North American trees are hardy in 
the United Kingdom, and nearly all of them in the western 
parts. Professor Sargent’s Silva will be most welcome to pei'sons 
wlio are interested in them, and who can aSbrd such a luxury ; 
for a luxury it is, the price for the twelve volumes being sixty 
pounds. Turning to plate 158, representing Prunus virginiana, 
Linn., a tree closely allied to the Bird Cherry of Europe, we find 
that it has received no fewer than twenty -four different names 
under the generic appellations of Prunus, Padus, and Cerasus ; 
which means that about eight forms have been given specific 
rank by different botanists. References are given to the books 
in which these varieties are described, as well as to the sources of 
all other information. We learn that this is the most widely- 
distributed North American tree, ranging from within the Arctic 
circle (62° lat.) to Northern Mexico, and from the Atlantic to the 
Pacific Oceans. The question of priority in nomenclature has 
induced Professor Sargent to make some changes that will hardly 
meet with general approval, and, even if accepted, will not be 
current for generations, outside of botanical books and circles. 
Thus the first tree figured, our favourite Magnolia grandiflora, 
which has “ deliciously fragrant ” flowers, becomes Magnolia 
foetida, because Linnaeus gave it that name as a variety under 
another species, a few years before he understood that it was a 
distinct species, and himself gave it the name grandiflora. 

Grasses of the Pacific Slope , — The thirteenth Bulletin of the 
United States Department of Agriculture, Division of Botany, 
consists of the first part of an illustrated and descriptive mono- 
graph of the grasses of California, Oregon, Washington, and the 
North-Western Coast, including Alaska. Practically, therefore, 
the work will contain nearly all the grasses of Western Canada 
and British Columbia. Dr. George Vasey is the author, and 
one more part will conclude the volume, constituting the second 
volume of ‘‘Illustrations of North American Grasses.” The 
present part contains fifty excellently lithographed plates repre- 
senting one, or sometimes two, species; and the letterpress is 
restricted to the description and distribution of the species. 

The Flora of Western Texas , — ^The United States Department 
of Agriculture has issued the second part of J. M. Coulter’s 
“ Manual ” of the botany of this interesting region. It contains 
the Gamopetalse — the Polypetales formed’ the first part, which 
appeared in 1891. The whole is written in English, and the 
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aiTangement of the matter is very similar to the late Dr. A. 
Gray's ^‘Synoptical Flora of North America," to which the 
‘ author states he is greatly indebted. Nearly half of this part is 
taken up by the Oompositse, which is the predominating natural 
order in Texas and Mexico. About 450 species of this orJei’, 
belonging to 127 genera, are enumerated. There are lithographic 
figures of a few novelties and little-known plants. 

Flara of Carmen Island, — “ This island is situated in the 
lower part of the Gulf of California, two-thirds of the way down 
the lower California coast, almost in sight of land. It is made up 
mostly of low hills, which in the north are only about 200 
feet high, but in the south rise from 800 to 1,000 feet. 
The surface is rocky, with very poor or no soil. There are 
no trees, and a few shrubs, sometimes fifteen feet high, give 
the prominent floral features to the island.’' The foregoing is 
an extract from an account by J. N. Rose {Contributions from the 
United States National Herbarium^ i., n. 5) of a collection of 
plants made by D. E. Palmer. It is assumed that the island has 
been almost exhaustively botanised, and the total number of 
species collected is 68, belonging to lio fewer than 60 genera, 
^ven of these species have not hitherto been found elsewhere ; 
49 are known to be common to the peninsula and island, and 29 
are also common to Mexico. Out of the total, 37 belong to four 
natural orders — namely, CompositsB 12, Grarainese 12, Leguminosee 
7, and Euphorbiacese 6. 

Cocos Island and the Galapagos, — In the same publication 
the same botanist gives lists of plants from these islands ; but 
they contain nothing of particular interest, though the flora 
of Cocos was previously almost unknown, and a considerable 
varied vegetation is known to exist. When H.M.S. Sulphur 
touched at this island many years ago, about a dozen plants 
were brought away, ten of which were described as new. 
However, the plants catalogued by Mr. Rose were collected 
during a short trip ashore by an officer of XJ.S.S. Albatross, and 
by no means represent the flora. 

Mexican New Plants, — B. L. Robinson describes {Proc, Am, Acad,, 
xxvii.) a large number of novelties collected by C. G. Pringle 
in 1890-1. They consist largely of Compositse, which seem to be 
almost inexhaustible in Mexico. Two new genera are proposed : 
Coulterophytum (Umbelliferse), resembling Arracacia, but referred 
to the tribe Selinese ; and Geissolepis (Compositse), placed near 
Blepharipappus in the subtribe Galinsogese. 

Flora of the West Indies. — J. Urban has commenced a series 
of contributions {Engler^s Botanische JahriUcher^ xv.) on new or 
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imperfectly-knowA, . plants of this . region } apd lie ^ hap issued 
separate copies of the first part —unfortuuatelji paged separately^ 
though the original pages are given as well The work is of a ‘ 
highly critical character ; and the nomenclature is according to 
the strict rule of priority, so that such a familiar name as 
Myroxylon takes the place of the almost equally familiar 
Xylosma. 

Flora Brasilienaia . — Parts 111 and 112 appeared during the 
past year, and this great work is rapidly approaching completion. 
The only important large natural order not worked out is the 
Orchidea*, on wliich Professor Cogniaux has been engaged for 
some months, and the first portion may soon be expected. 

Oeog^pliical. 

Biologic Regions and Tahvlation Areas. — C. B. Clarke submits 
a plan {Phil. Tram, clxxxiii.) for dividing the world into tabula- 
tion areas for the working out of the geographical distribution 
of plants and animals. The maximum number he proposes is 
23. We have only space to draw attention to this plan, 
which coincides in the main with the zoogeographic map of 
Wallace.” 


The River TIiames as an Agent in Plant Dispersal. — H. B. 
Chippy gives the result {Joum. Linn. Soc.y xxix. 333) of a 
loDg series of observations on the seeds, fruits, bulblets, and 
other living parts of plants found floating in the Thames. He 
has specially directed his attention to their floating capabilities, 
duration of vitality in water, in ice, and under other conditions. 
He found that the germinating power of seeds enclosed in ice for 
three weeks was not in the least impaired. He has also some 
interesting notes on the hybernating of various seeds, etc., that 
sink to the bottom of the water after a cerjbain period. 

The Flora of Russian Lapland . — With the exception of some 
of the coast districts, little was known previous to 1887 of the 
natural history of the immense Kola peninsula, lying between 66*" 
and TO*" N. lat. In the year named, an expedition visited that 
country for the purpose of investigating its physical and natural 
history, which hag resulted in the publication of a number of 
highly interesting reports in Fennia^ and in the Acta Societatis 
wo Fauna et Flora Fennica. Foremost among these is “ Ein 
witrag zur Kentniss der regionalen Gliederung an der polaren 
Waldgrenze,” by A. 0. Kihlman. The aspects of arboreous and 
shrubby vegetation on its northern limits are admirably illus- 
trated by a series of photolithographs, aocompani^ by upwards 
of 250 pages of explanatory l^teipress. Particulars of shsei age, 
and condition are ^yen very fully, especially ^of the obar^cteristio 
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Pilitm sylye^tris, Kcea exceli^, and Betula odorata. These and 
other trees diminish in size northward until they are reduced to 
dwarf shrubs, which are covered by snOw in winter, and thus 
preserved from actual extinction. It may be added, too, that the 
narrative of the journey and tke report on the geology are also 
intensely interesting. 

Immigration of the ^pruee Fir in Scandinavia^ — This is the 
Subject of a lengthy essay {Engler's Jahrbucher^ xv. 1) by Rutger 
Semander, who examines and discusses a mass of facts with great 
ability, and finally comes to the conclusion that further evidence 
is required to Solve the problem of the present northern distribu- 
tion of this tree. Such evidence, he expects, will be found in the 
great Russian peat beds. 

Mountain plants of German New Guinea. — 0 . Warburg has 
an interesting paper on the “ Bergpflanzen aus Kaiser Wilhelms- 
land {Engler^s Jahrbilcher^ xvi. 1), including descriptions of 
several novelties, and a figure of Hellwigia pulchra, an ornamental 
new genus of the Scitaminese. Zoelleria is a remarkable new 
genus of Boraginacese bharacterised by having ten nutlets instead 
of Only four. This paper is an account of a small collection 
made by Dr. Hellwig during a four days’ return journey from a 
dashing expedition to the finisterre Mountains. The greatest 
altitude reached was about 6,000 feet above sea-level. Out of a 
total of 53 species of flowering plants 20 were new, and six 
othera peculiar to the island, whilst probably 6 of those of 
which the material was insufficent for determination will also* 
prove to be new, making a total of 32 endemic species in a collec- 
tion of 53 species. Among the new species were 7 orchids and 
§ rhododendrons. The most striking feature of the collection was 
the total absence of essentially Australian types. Only five of 
the species are common to Australia, and they are all widely-spread 
plants. For the rest the new species belong to genera character- 
istic of the Malayan flora rather than the Australian. 

To J. P. Thomson’s British New Guinea ” Sir F. von 
Muellfr contributes a brief, though interesting summary of what 
k known of the vegetation of this comparatively new addition to 
the British Empire. 

Botany of the Antarctic Islands, — Under this title T. Kirk 
has consolidated {Report of the third meeting of the Australasian 
Association for the Advancement of Science) all that was known 
of the Composition of the vegetation of the smaller islands of tl^e 
New Zealand region— namely; the Snares, Auckland, Campbell 
Ahtipedes, and -Macquarie Islands , He himself has visited 
BaOlt :of the Wainds,' or the principal" nones of ^the groups ; 
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and he was the first to botanise the Snares and Antipodes 
Islands ; but the principal islands were so well explored 
botanically by Sir Joseph Hooker and Dr. Lyall, in con- 
nection with Sir James Ross’s antarctic expedition in 

1840, that little was left to discover. Nevertheless, Mr. Kirk 
collected a good many novelties, considering the small number of 
species constituting the vegetation of these isolated specks of land. 
His principal discoveries were alluded to in the last issue of this 
“Year-Book.” The vegetation of these remote islands and groups 
of islands is of the most absorbing interest, and never fails to excite 
our wonder and admiration. Especially remarkable is the endemic 
flora of the Auckland Islands, distant some 200 miles south of 
New Zealand. The entire group is thirty-three miles in length 
from north to south, and about fifteen miles in breadth at the 
southern extremity ; and the highest hills are upwards of 
2,000 feet above the sea-level. Metrosideros lucida, Dracc- 
phyllum longifolium, Coprosma foetidissima, and Myrsine divari- 
cata are the principal trees, the largest of which, the first-named, 
rarely attains a height of 40 feet. But the showy and robust 
herbaceous plants, found here and in Campbell Island, and 
nowhere else in the world, are the glory of these islands. Pro- 
minent among them are Ligusticum latifolium, a noble 
umbellifcr with large umbels of pink or red flowers, and 
Pleurophyllum speciosum, a member of the compositae, with “ flat 
rosettes of leaves, 3 to 4 feet in diameter, from the centre 
of which rise several stems 1 J to 2^ feet high, carrying numerous 
pedunculate, rayed flower-heads in. in diameter, with whitish 
rays and deep purple centres.” “ The leaves are grooved longi- 
tudinally and lie perfectly flat, presenting a unique effect, and, 
as the plant often covers acres, it approaches the magnificent.” 
P. criniferum is of a very diflTerent habit, with erect leaves 3 feet 
in length and flower-scapes 3 to 4 feet high, “ the flower-heads 
resembling large velvet-covered buttons of a deep brown colour, 
contrasting well with the snow-white tomentiim of the scape and 
peduncles.” Chrysobactron Rossii is a fine liliaceous plant, 
having scapes crowded with bright orange-coloured flowers, 
Myosotis capitata, Gentiana concinna, and G. cerina are very 
ornamental plants of much smaller dimensions. 

The mountain flora of tropical Africa . — ‘‘Ueber die Hoch- 
gebirgsflora des tropischen Afrika” is the title of an elaborate 
compilation on this subject by Dr. A Bugler. It does not add 
much to previous knowledge — or, rather, it does not contain 
many new facts — but as a consolidation of all that is known, 
it is most welcome. It is a quarto of upwards of 460 pages, 
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and contains a catalogue of all the vascular plants hitherto 
collected, with their geographical distribution, besides descriptions 
of a considerable number of new s{)ecies. About 100 pages are 
devoted to an analysis of the vegetation of the various mountains 
and a discussion of the I'elationships of the floras to each other 
and to the floras of other parts of the world. Unfortunately, 
there is no general summary and conclusions, so that it is difficult 
to extract the more interesting particulars. The author states 
that the principal object of his investigations was to ascertain the 
relationships of the highland flora of tropical Africa to those of 
the neighbouring countries. The absence from all the mountains 
of tropical Africa of many orders and genera found on most of 
the mountains of Europe, Asia, and North America, and partly 
also on the Atlas chain and the mountains of the Indian Archi- 
pelago and Central and South America, is one of the most impor- 
tant facts elucidated in phytogeography. Equally interesting is 
the absence of several orders and genera which constitute the 
principal elements of the south-western Cape floras. To the first 
category belong the Abietinese, Fagacese, Betulaceae, Ehodo- 
dendreiie,Vaccinie3e, Pyrolaceae, Aceracese, Caprifoliacere, Comacese, 
Spirseese, Pomacese, Amygdalese, Coriariacese ; and the genera 
Aconitum, Aquilegia, Draba, Euonymus, Geuni, Ribes, Chryso- 
splenium, Hieracium, Gentiana, Iris, Lilium, Fritillaria, and 
Veratrum. To the foregoing may be added the genera Orchis, 
Ophrys, and Daphne, which are represented in the Atlas moun- 
tains, as well as in Europe and Asia. Of South African elements 
wanting, the following are named : — Cunoniacefe, Bruniaceie, 
Penieaceje, Stilbeae, Restionaceae, Diosme® except Calodendron, 
all Proteace® except Protea and Leucospermum [probably a 
slip for Faurea. — W. B. H.], and the genera Muraltia, Aspalathus, 
Cliffortia, and Phylica. 

Vegetation of Lagoa 'Santa . — Under the title “ JEt Bidrag til den 
Biologiske Plantegeografi,” E, Warming has published {Mem, 
Acad, Roy. Denmark [6], vi.) a very elaborate description of the 
vegetation of Lagoa Santa, Brazil, in about 20° S. lat. There 
are numerous illustrations of the habit and mode of growth 
and propagation of the characteristic elements in the Vegetation 
of various regions. A French summary is appended, and the 
whole work occupies nearly 500 quarto pages, forming an im- 
portant contribution to plant-geography. 

Orchids. 

Manual of orchidaceous plants. — James Veitoh and Son’s useful 
publication has reached the eighth part, which treats of the 
large genus Oncidium and the smaller genera Miltonia, Brassia,. 
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lonopsLS; Gomeza, Ada, and Ornithocephalus. The genus 
Oncidium alone numbers between 200 and 300 species. Indeed, 
upwards of 300 have been published, but some are doubtless mere 
colour varieties, and others have been described under diSerent 
names by diSerent botanists. Messrs. Veitchs^ work offers an 
immense amount of practical knowledge combined with scientific 
precision. 

Masdevallia, — The third part of Miss Woolwaxd s illustrated 
monograph of this genus has appeared. It contains the follow- 
ing species : — M. Arminii, Carderi, caudata, coccinea, coriacea, 
Davisii, Estradse, polysticta, triangularis, and Wageneriana. The 
first and next to the last are here figured for the first time. This 
work is issued by the Marquis of Lothian. It is to be hoped 
that following parts will appear at shorter intervals. 

^^Xenia Orchidacea.^^ — The late Dr. Reiclienbacli’s work under 
this title is being continued by F. Eranzlin, and the sixth part 
of the third volume has lately been issued. It contains ten partly 
coloured plates, illustrating several old species and the following 
new ones : — Catasetum Liechtensteinii, Lselia Reichenbachiana, 
Ccelogyne Micholieziana, Octomeria Seageriana, Roeperocharis 
Urbaniana, R. alcicornis, Pholidota Laucheana, and Dendrobium 
listeroglossum, all of which are of botanical rather than horti- 
cultural interest. 

Habenaria. — F. Kr&nzlin has monographed this genus 
(Engler's Botanische JahrhUcher, xvi.) as he limits it — that is to 
say, excluding Flatanthera, referred to it by some authors. Thus 
restricted he describes 348 species, which he classifies under 34 
sections. \See also below Figures op Plants.] 

Figrares of plants. 

Specially interesting among the plants figured in the Botanical 
Magazine are: — Hydnophytum Forbesii (plate 7218), one of 
those singular epiphytic plants having large tuberous rootstocks 
pierced by numerous passages and galleries, in which colonies of 
ants find their abode; Neobenthamia gracilis (plate 7221), a new 
genus of orchids with long, flexible stems and small white flowers, 
from tropical Africa ; Cereus giganteus (plate 7222), the giant 
cactus of Arizona and North Mexico, where in desert regions it 
sometimes attains a height of 60 feet — a specimen about 14 feet 
high flowered in the palm-house at Kew ; Cirrhopetalum omat- 
issimum (plate 7229), an exceedingly pretty species, near C. 
Collettii; and Rosa pomifera (plate 7241), as the name denotes, 
has a veiy large fleshy fruit, and it is one of the most omameutol;^ 
of the single roses. This rose often exhibits a peculiarity, shd#|l 
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in the plate cited, though not mentioned in the description, namely, 
the ftbwers oftto develop in twos, and the friiit in each pair is dis- 
similar. One of the two is pear-shaped on a very short stalk 
which is thickened, fleshy, and coloured and tapering to the base, 
while the Other, is globose or ovoid and borne on a green stalk as 
long as itself and of the same thickness throughout. Synandro- 
spadix vermitoxicus (plate 7242) is a very remarkable aroid from 
Tucunian. Finally, Monodora grandiflora (plate 7260), a West 
African anonaceous tree having large, pendent yellow and red- 
brown flowers with long wavy petals, recalling some of the larger 
Oncidia.' 

IIook&r^8 Icoiiea Plantarum. — The Bentham Trustees are 
issuing this work at the rate of one volume of 100 plates a year. 
Vol. i. of the fourth series, devoted entirely to the illustration 
of Indian orchids, has been completed ; and the first part of vol. 
ii., likewifee devoted to Indian orchids, has appeared. Most of the 
orchids figured are of the less showy kinds. Parts 1 and 2 of 
vol. hi. hAve also been published. The contents of this volume 
are of a miscellaneous character, and some of the plants figured 
are of great interest : — Phtheirospermum tenuisectum is a second 
species of the genus inhabiting the mountains of Tibet and 
Western China ; Strychnos Ignatii and S. multiflora from the 
Philippine Islands, with an account of the source of the St. 
Ignatius’s Bean ; Coriaria terminalis, a distinct new species from 
North-Eai^em India and Western China ; Trichomanes Sayeri, 
a pigmy species from Queensland with fronds -J- to ^ of an inch 
long ; IxoTa siphonantha, a Madagascar species having yellow 
flowers 9 or 10 inches long ; Pleurospermum Franchetianum, a 
showy urabellifer from Western China ; Didymocarpus pectinata, 
a curious Malayan plant with fern-like leaves ; and Tetrachondra 
Hamiltonii, a singular new genus of Bbragineee, resembling 
Tillsea, recently discovered in New Zealand. 

{See also under Australia and Polynesia.) 

lUiscellaifteous. 

Conifer(B,-^\xe Conifer Conference Report {Jaiirn, Roy, Ilort. 
Soc.^ xiv. 179) contains much of interest concerning this family of 
plants, especially in synonymy and bibliography, M. T. Maatem 
contributes a ** List of Conifers and Taxads in cultivation in the 
open ^air in Great Britain and Ireland.” “ Taxads,” it may be 
explained, comprise the yews and their allies. Independently of 
the informatibn ft contains — for it is very much more than a list 
— this is an excellent guide to the literature of the subject. The 
author advocates and adopts familiar current names,, where not 
absolutely incorrect, in preference to altering or resuscitating 
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names in accordance with the rule of strict priority. In this 
course he will doubtless receive the support and approbation of 
the majority of horticulturists. Dr. Meters also delivered an 
introductory address on *^Some Features of Interest in the 
order of Conifers.” There are several other interesting and useful 
papers in the same volume, notably the “ Pinetum Danicum,” by 
Carl Hansen, which covers nearly 250 pages, and is a compendium 
of information. The Conifers at Dropmore,” by C. Herrin» con- 
tains particulars of the size, age, and history of many of the 
fine specimens in that unrivalled collection. There are several 
very fine Araucarias at Dropmore, but the finest, which was 
planted in 1830, is 68 feet 6 inches high, with a girth at three 
feet from the ground of 8 feet 3 inches, and a spread of branches 
38 feet in diameter sweeping the ground. Abies Douglasii, 
planted in 1830, is 120 feet high, and 11 feet 4 inches in girth. 
A cedar of Lebanon planted in 1792 is 104 feet high, and nearly 
14 feet in girth. Cedars are a great feature at Dropmore. An 
avenue of 140 trees, planted about eighty years ago, average 85 
feet in height. The tallest Wellingtonia is 67 feet high, with a 
girth of over 12 feet. There are copious statistics of the dimen- 
sions of trees from numerous estates in all parts of the kingdom, 
but although several trees are recorded over 100 feet high, the 
Abies Douglasii at Dropmore is the tallest of all. 

The Iridem , — J. G. Baker has followed up his English 
monographs of the Amaiyllidaceae and-Bromeliacese with a Hand- 
book of the Irideae.” These “handbooks” are specially valuable 
to horticulturists who care for correct nomenclature. Mr. Baker 
has arranged the Iridew under 57 genera, some of which present 
a long array of species. For example, Iris numbers 161 species, 
Gladiolus 132, Crocus 66, Ixia 24, Sisyrinchium 58, Bomulea 33, 
Morsea 57, and Lapeyrousia 32. 

The Malvern. — ^E. O. Baker is continuing (Journ. of Bot.^ 1892) 
his revision of this very much involved tribe. Reduction of the 
synonymy constitutes the most laborious part of the work. 

Kew bulletin of miscellaneous (botanical) infoiv 
mation. 

In addition to the usual articles on the sources of vegetable 
products, many of which are of great value, this publication now 
includes descriptive and taxonomical matter. J. G. Btker’s 
“Notes on the Agaves and Arborescent Liliacess on the Riviera ” 
are of great practical value, as they are the fuller development of 
a special knowledge of this class of plants. Synonymy is one of 
the features of the notes. A new departure is the publication of 
decades of descriptions of new plants that are constantly turning 
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up in the collections of dried plants received at Kew. There are 
also separate decades of descriptions of new cultivated orchids. 


MORPHOLOGY AND BIOLOGY OF PLANTS. 

By G. MASSEE. 

A SURVEY of the work produced during the year, which is very 
considerable, shows a preponderance of laboratory investigation 
that in many instances illustrates the modem feeling, entertained 
by many, that plant aflinity can be more accurately indicated by 
minute internal structure than by the sum-total of morpho- 
logical and biological features ; a feeling due in great measure to the 
fact that many teaching centres have but a very limited supply of 
living plants, and consequently depend on dried or spirit material. 

Karsten’s important work on Gnetum will, if corroborated, 
necessitate some important modifications of the generally accepted 
view of the embryogeny of phanerograms. The theory advocated 
by Bower for connecting the muscineae with the vascular cryp- 
togams appears feasible, and has suggested a new line of research, 
the investigation of which will doubtless furnish more evidence in 
support of the theory. Ward’s investigations on the nature of the 
“ginger-beer plant” illustrate the fact that hitherto unknown 
organisms, living in symbiotic communities, may be present in 
well-known, but hithei'to uninvestigated forms of life. 

PHANEROGAMS. 

Morptiolofs^y. 

G. Earsten has recorded some very remarkable discoveries in the 
embryology of East Indian species of Gnetum, G. edule, G. 
gnemon, G. neglectum, and three new species. 

The innermost coat of the nucellus protrudes beyond the 
others, and secretes a drop of fluid at its apex, which arrests the 
very small pollen grains that are borne by the wind or possibly by 
insects. The pollen-tube is nourished during its growth by the 
disintegmted cellsubstance. The outermost coat of the ovule 
becomes fleshy and bright-coloured, and attracts herbivorous 
animals. During the early stage of division of the nucellus there 
is no distinguishable mother-cell of the nucellus, as in most 
angiosperms. In G. gnemon and G. neglectum, two to several 
embryo-sacs are present, whereas in G. edule and the other forms 
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During the division of the embryo-sac there is no differentiation, 
special egg-cells, corpuscles, nor antipodal cells, and the primor- 
dial cells of the parietal layer appear to be all equally capable of 
impregnation, and hence represent so many- oospheres. 

Soon after the entrance of the pollen-tube into the tissue of 
the niicellus its nucleus divides into two ; one of these, the 
vegetative nucleus, remains unchanged, the other, or generative 
nucleus, increases in size, and ultimately divides into two perfectly 
identical generative nucleL After the pollen-tube has entered, or 
become closely applied to the embryo-sac, the vegetative nucleus 
disappears, and the two generative nuclei become separately 
clothed with a layer of protoplasm, and then constitute generative 
cells. 

The next observable change is the segmentation of the nucleus 
of each generative cell into four or probably eight nuclei, which 
remain in the unsegmented mother-cell. Contemporaneous with 
this division of the nucleus, one or several smaller nuclei appear in 
the protoplasm of the generative cell ; these are supposed by the 
author to be female nuclei that have passed from the primordial 
cells of the parietal layer of the embryo-sac. At a later stage only 
four or eight nuclei are present in each generative cell. Ejirsten 
considers that this is due to the fusion of the male and female 
nuclei previously present in the cell; the coalescence of the 
supposed male and female nuclei was not actually observed. 

After impregnation the parietal protoplasmic layers of the 
embryo-sac, also that portion of its central vacuole not occupied by 
the male cells or the embryos, become replaced by endosperm 
tissue. This fact the author considers to prove that Gnetum 
represents the highest type of gymnosperras. 

It is further considered that the appeaiances described dis- 
prove the theory that the antipodal cells are the last remnants of 
the prothallus of vascular cryptogams ; these structures being 
looked upon by Karsten as the remains of a now obsolete female 
sexual structure. (Bot Ztg,^ 1892, nos. 13-15.) 

D. T. HacDougal (the Tendrils of Passiflora caerulea) has investi- 
gated the morphological structure of the tendrils for the pu^oso 
of determining the factors connected with movements, more 
especially those movements by which a tendril responds to a 
stimulus. Three distinct regions are recognised in a tendril : the 
basal or non-coiling portion, 3-4 cm. in length ; the middle or 
coiling region, comprising the greater part of the organ, which is 
generally dightly curved ; and the sharply-curved tip, 4-6 mm. 
in length. These three regions exhibit marked differences in 
structure and outline. The internal structure of the three parts 
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shows corresponding differences. The whole organ shows a bila- 
teral structure, most pronounced in the portion having the 
greatest power of movement. The epidermis consists of a layer of 
rectangular cells arranged with their longest diameter parallel to 
the long axis of the tendril. All the tissues of the tendril are 
abundantly supplied with pits. 

The conclusions are — that the concentration of protoplasm in 
the epidermal layer is directly connected with irritability ; that the 
movements are due to changes in the chlorophyll layers ; and that 
the abundant supply of reserve food material is for the purpose 
of favouring rapid growth and fixation of the tendril uj>on 
coiling. {Bot Gazette^ xvii. 205.) 

M. F. Ewart contributes an exhaustive account of the mor- 
phology and service in the mechanism of the flower, of groups of 
hairs, associated with the stamens, in the genus Thesium. These 
structures, termed “ staminal hairs,’^ spring from the inside of the 
perianth-tube at about the level of the insertion of the stamens, 
and the majority proceed from ten . groups, one placed on either 
side of each stamen. The hairs appear to be unicellular, each 
consisting of two portions : an enlarged basal cushion, sunk below 
the level of the perianth, and a continuous, slender, projecting 
portion, exhibiting near the apex three remarkable constricted 
rings, and a small, rounded, terminal cap. The above is the 
arrangement and structure of the hairs in Thesium capituliflorum. 
Two varieties of these hairs are met with, some directed tov^ards 
the base of the style ; others, more slender and elongated, are 
directed upwards towards the top of the anther, and in many 
instances are firmly fixed by a viscid secretion from the hairs to 
the anthers. The correlations of the other structures of the 
flower with the modifications of the hail’s, appear to suggest 
that their function is that of aiding in pollination, either by 
collecting pollen, or serving as guides to insects visiting the 
flower. 

A proix»sed classification of the genus Thesium, based on the 
structure of the flower, is also elaborated. (Ann, BoLy vi. 272.) 

On tbe nature and development of the corky ex- 
crescences on stems of SSanthoxylon* 

C. A. Barber calls attention to the corky outgrowths present on 
the branches and trunks of certain trees. These excrescences are 
frequently of large size and very symmetrical in shape, and are 
characteristic of Zanthoxylum, though by no means confined to this 
genus. These bodies originate as corky cushions beneath thorns 
or spines, and it seems probable that in most cases their function 
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is the retention of the thorns — at any rate in the young plant — 
after secondary thickening has commenced. In climbing plants, 
as Caesalpinia nuga, where the stem increases but little in thick- 
ness, the corky cones are of great length, and thus extend the 
circle of operations of the persistent curved spines at their tips, 
as protective organs or for purposes of climbing 

In other cases, as illustrated by the roses, the corky layer at the 
base of the thorns enables the latter to be readily pulled off ; and 
it is suggested that the readily separable thorns may penetrate 
climbing animals and be borne away by them. {Annah of 
vL 155.) 

F. Pasquale propounds a new theory of the morphology of the 
carpel, suggested by a critical examination of the course of the 
vascular bundles, especially in the Cruciferse, StercnliacesB, and 
Leguminosse. According to this author the carpel is composed 
of three leaves so completely fused together that the mesophyll 
and epidermis of the components are continuous, the ultimate 
ramifications of the vascular bundles also anastomose. The 
structure is called a triphyllome, and consists of two fertile 
posterior leaves, and one sterile anterior leaf, which is sometimes 
entirely absent, and when present occupies the dorsal side of the 
carpel, and is usually reduced to a single vascular bundle. The 
two fertile leaves are flattened and furnished with vascular 
bundles, and are unitod to each other by their respective midribs. 
One half — or hemiphyllome — of each leaf forms the pericarp, 
also the septa in a syncarpous fruit, the two remaining hemi- 
phyllomes project into the cavity of the carpel and form the 
placental structure, which includes the placenta as generally 
understood, the funicles, style, and stigma. 

The replum in Cruciferse is considered as an extension of the 
placental structure. The presence of two stigmas in many 
monocarpellary fruits in Graminacese, Compositae, and Leguminosse 
is considered to originate from the two fertile leaves of the 
carpel. {Bull. Soc. Bot. ItaH.y 1892, p. 26.) 

P.’HTMlfi has investigated the development of the seed-coats 
in 22 genera and 34 species belonging to Malvaceae. The. seed- 
coat is composed of two integuments ; in the course of develop- 
ment the cells of the outer integument undergo but little 
differentiation, simply increasing in size. More decided changes 
take place in the inner integument ; the first layer of cells 
lengthens out radially until each cell is nearly three times as long 
as broad ; these cells form the palisade layer so characteristic of 
the order. 

The number of integuments in the different species studied 
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was the same, and the number of layers in each integument also 
practically the same. (Bot Gazette^ xviL 33.) 

J. GitbiB has shown that the chief use of the outer covering of 
dormant leaf-buds is a protection against an excess of transpira- 
tion, the special preventives being formation of cork, an excretion 
of resin, or a coating of hairs. These developments also guard 
against *the injury that might be occasioned by a sudden fall of 
temperature. In many instances the parenchymatous cells of 
bud-scales contain food materials, chiefly in the form of carbo- 
hydrates. {Pringsheim^s Jahrh,, xxiii. 637.) 

Biology. 

C. V. Riley has brought together a series of observations, 
extending over nearly twenty years, on the pollination of the 
species of Yucca. The flowers all agree in having the stamens so 
inserted that fertilisation unaided can take place only by the 
merest chance. Yuccas are amongst the few plants dependent on 
a single species of insect for pollination, and they actually depend 
on some particular species of little white moths belonging to the 
genus Pronuha. Yucca filamentosa, and all species found east of 
the Rocky Mountains depend for pollination on the common 
Yucca moth, Pronuba yuccasella. During the day the moth may 
be found resting within the half-closed flowers, where it is hidden 
from ordinary view, and also well protected by the imitative 
colour of the front wings with that of the flower. At night, 
when the perfume of the flowers is strongest, the moths may be 
seen flitting from flower to flower. The female performs the 
function of pollination, and after collecting a considerable 
quantity of pollen from one flower usually flies with its load to 
another plant, cross -fertilisation being thus secured. After 
selecting a suitable flower the moth next proceeds to deposit its 
eggs in the ovary, an act at once followed by thrusting its cargo 
of pollen into the stigmatic opening, and thus efiecting pollina- 
tion. It is chiefly during the first or second nights after opening 
that the flower is susceptible of pollination, and the moths seem 
to be aware of this, as they are never found laying their eggs in 
older flowers; in fact the actions of the moth suggest a close 
investigation, not only as to the condition of development of the 
pistil, but also as to whether eggs have been already deposited. 
This precaution is necessary, inasmuch as if the eggs were 
deposited in an ovary where pollination could not be efiected, 
the seeds on which the larvse . of the moth feed would not be 
formed. 

The larva matures with the seeds, and when the latter are 
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nearly ripe borea. through the. fruit, and. buries itself in the 
ground. The number of seeds destroyed rarely exceeds a dozen, 
although as many as twenty-one larvae have been found in a single 
pod. The pods become depressed at those points where the eggs 
were deposited, and these irregularities have been considered 
characteristic of the fruits of the genus. When pollination is 
effected artificially, and the flowers protected from Pronuba, no 
depressions occur on the fruit. 

The author considers, from observations on various living 
species of Yucca, and alsp from an examination of the fruits pre- 
served in herbaria always showing constrictions or perforations 
made by the larvae in their exit from the fruit, that all are 
dependent on some species .of Pronuba for pollination, and that 
when the visits of the motli^ are not receiv^ seed is never pro- 
duced. {Missouri Bot Garde(n\ Report, 1892, p. 99.) 

D. Prain(“The Vegetation? of the Coco Group,” Jour, Asiat, 
Soc. of Bengal^ lx., part ii., No. 4, p. 283), in discussing the 
probable origin of the floras of the group of islands under con- 
sideration, has some extremely interesting remarks on the 
various modes of seed and fruit dispersion. 

It is considered that the agency of wind may easily be 
over-Vated, and that the fruits or seeds of many species well 
adapted for transmission by wind can only assist in local dis- 
persal. Birds are credited as dispersive agents, by very varied 
means, of plants of aquatic or paludine habitat, and characterised 
by small inconspicuous fruits or seeds that might become attached 
along with mud to the feet, leg-feathers, or the feathers at the 
base of the bill, of birds frequenting pools and swamps. A 
second kind of species may be transported from place to place by 
becoming attached externally to birds. Other s))ecies of plants 
characterised by having pulpy fruits with a 'hard stone or with 
hard, indigestible seeds, may be disseminated by birds eating the 
fruit and voiding the seeds at a distance. It is also shown that 
cei’tain species of plants, the fruits or seeds of which arc eaten, 
not for the sake of a pulpy portion, but on account of the 
nutritious properties of the whole fruit or seed, may be dispersed 
by birds. Under ordinary circumstances such food would be 
digested, but it is not unusual for migrant birds to arrive in a 
very exhausted condition, or to be driven by severe cyclones to 
new islands, where some perish from exhaustion, or fall victims 
to birds or beasts of prey, the fruits or seeds that their crops 
may contain falling aside and germinating. Evidence is given to 
show that there is nothing extravagant in claiming this as a 
possible means of plant dispersion. 
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x>cean-«ur^nts are important &etors in the dissemina- 
tion of plants^ more especMly in tropical rOgtona 

The following abridged synopsis of the origin of the OOO 0 
Island flora will give some idea as to the relative importance of the 
various agencies concerned v^ith plant dissemination. 

Species possibly introduced, for the presence of which no 

former land connection need be necessary 288 

Introduced by human agfency .r. 38 

Introduced hy birds (perhaps also to a small extent by bats) 84 

By»wind 60 

. By the sea 101 

Species probably remanent and indicating former connection 

with adjacent land 70 

Total of Coco Island species 858 

M. A. Prunet has given an explanation of the well-known fact 
that the buds located on the upper (anterior) half of a potato 
grow earlier and more vigorously than those on the lower 
(posterior) half. When young, the nutritive material is equally 
distributed throughout the tuber, but at a later stage becomes 
more concentrated at the upper end, hence the buds in this region 
are better supplied with food-material The bearing of this fact 
on the usual practice of cutting up potatoes for planting is obvious. 
{Comptea Reiidus, cxiv. 1079.) 

8. Coulter announces the presence of cleistogamous flowers 
(inconspicuous flowers that never open, and are self-fertilised) 
on many species of Polygonum, including H. hydropiper, H. 
lapathifolium, H. maritimum, and H. j)ersicaria. These flowers 
are developed late in the season, are completely hidden by the 
jeaf-sheath, and always mature their seeds. {Proc, Acad. Nat. 
Sci. Phila,^ 1892, p. 163.) 

A. Goiran flnds that the effects of earthquakes 011 plant life 
are mainly beneficial, thus seeds germinate more rapidly, the 
vegetation is more luxuriant, and the foliage of a darker green 
thaq usual Thpse results are considered to b© due to secondary 
causes: (1) The increase in quantity of carbon dioxide ; (2) the 
distribution of nutritive fluids through the soil ; (3) the produc- 
tion of electricity, which favours a high stage of vegetable de- 
velopment. {Bull. Sac. Bot. Ital.^ 1892, p, 109.) 

VASCULAR CRYPTOGAMS. 

Sludiea in the morplioloiry nf apore-prodneinf 
members. 

F. O. Bower» in a preliminary statement on the Lycopodinn 
and OphioglossacesB, after pointing out the euiyent idea that the 
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sporophyte in archegoniate plants is the result of elaboration of 
the zygote, says that in certain Algse the zygote divides to form a 
number of carpospores ; in the lower bryophyte the tissue of the 
zygote undergoes differentiation, an external portion remaining 
sterile, and forming a protective wall, enclosing a central mass of 
sporogenous or spore-producing tissue. In the higher bryophyta 
(mosses) there is a yet larger proportion of sterile tissue, differ- 
entiated into seta, columella, sporangial-wall, etc,, the compara- 
tively small amount of sporogenous tissue still forming one united 
band. 

In the vascular cryptogams the above idea of progressive 
sterilisation of the tissue of the zygote is yet more marked, the 
quantity of sporogenous tissue being very small in proportion to 
that of the sterile tissue, and the latter by progressive elaboration 
of external form and internal structure — the two lines of progress 
going, in a measure, hand in hand — has resulted in the formation 
of appendicular organs, one result being the breaking-up of the 
one continuous band of sporogenous tissue, as seen in the bryo- 
j>hyta, into small, isolated masses, or even single cells, these being 
situated in the parts usually called sporangia. 

Based on observed facts in the lower cryptogams, relative to 
the gradual sterilisation of the tissue of the neutral generation 
and its progressive differentiation, accompanied by the break- 
ing up of the sporogenous tissue into minute, isolated portions, 
the author puts forward the theory that the “ fertile frond 
in Ophioglossacese is an elaborated and partitioned sporangium, 
homologous with the smaller and non-partitioned sporangium df 
the Lycopodinae ; the central tissue of the fertile frond ” cor- 
responding to the sub-archesporial mass of the sporangium of 
Lycopodium, and the whole illustrating the result of partial 
sterilisation, elaboration, and consequent partitioning of the 
sporangium. 

Developmental evidence in support of this theory was de- 
rived from an examination of the structure and development 
of the sporangium in several species of Lycopodium on the 
one hand, and of Ophioderma, Helminthostachys, and Ophio- 
glossum, on the other. 

The widest gap among plants having sharply-defined alter- 
nation of generations is that between the bryophyta and the 
vascular cryptogams; in other words, between those plants 
having a simple “fruit’’ and the sporogenous tissue in one 
continuous band, and those with complex “fruit” and with 
the sporogenous tissue in small, isolated j>ortions. 

The author considers that acceptance of the above theory 
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may lead to a bridging over of the above-named gap. For 
. example, following the lines of evolution indicated a^ve, it is 
not difficult to see how, from one of the bryophyta, like Antho 
ceros, the cone-like “ fruit of Equisetum or Lycopodium might 
originate, by the breaking-up of the continuous band of sporogc- 
nous tissue in Anthoceros into isolated portions, as in Ophio- 
glossum, and continue its elaboration by the outgrowth of new 
members from the surface, as in Helminthostacbys. (Proc. Roy. 
Soc., 1. 265.) ^ ^ 

D. H. Campbell On the Prothallium and Embryo of Osmunda 
Claytoniana, L., and O. cinnamomea, gives a detailed account 
of his investigations on the two - above-named species. The 
spores of both germinate immediately, and form a pi*othallus 
as in the Polypodiacese. A single two-sided apical cell appears 
early, which gives place to a single nearly-sqnare one and finally 
to a row of marginal initials. In O. claytonia the prothallium 
branches abundantly, and adventitious prothallia are formed in 
both species. The chloroplasts are sometimes of extraordinary 
size in O. cinnamomea. The antheridia differ in structure from 
those of other ferns, and approach most nearly those of the 
Hymenophyllacese and Gleicheniaceae. The s|)ermatozoids re- 
semble most nearly those of Equisetum. Stem, leaf, and root 
grow from a tetrahedral apical cell, which is one of the original 
octants of the embryo. The foot is very large, and the embryo 
is for a long time dependent upon the prothallium for food; 
the calyptra is also large ; these features, along with the late 
differentiation of the tissue-systems, are considered as evidences 
of the primitive character of the Osnuindaceae. 

The author considers the eusjK)rangiate ferns (those with the 
sporangium developed from several cells) to be the primitive 
forms, and this idea is supported by geological evidence. 

The simpler living Ophioglosseae may probably resemble the 
jmmitive ancestral forms from which the other ferns have 
sprung ; from this primitive stock it is assumed that the Equis- 
etinese originated at an early stage, and later the Marattiacete. 
From the latter probably arose forms like Isoetes, from which in 
turn the angios[>erms developed. A third form, the lepto- 
sporangiate ferns (having the sporangium developed from a 
single epidermal cell), evolved from the Ophioglossese through 
forms like Botrychium and Osmunda, and constitute the great 
bulk of ferns living at the present day. 

The relationships of the various groups, as assumed by the 
author, are represented in the following diagram. {Ann, 
vi. 4§,) 



476 


THB YEAR-BOOK OF SCIENCE. 



M. G. Poirault calls attention to a few points of structure in 
Ophioglossum vulgatum, hitherto unobserved. (Jour, de Bot, 
[Morot], vi. 69.) 

J. Bretland Fanner has contributed some observations on the 
embryogeny of Angiopteris evecta Hoffin. (Ann, Bot^ v,-vi. 
265.) 

Musclnese. 

B. Coesfeldhas some observations on the anatomy and physiology 
of Polytrichum commune. The epidermis consists at first of a 
single layer of cells ; these afterwards divide by tangential cells. 
The cortical tissue consists of elements resembling bast-cells in 
form, and during the spring contain tannin. The cells of the 
central bundle are much elongated, their length being due to ten- 
sion or stretching ; the central bundle must be considered as a 
primitive vascular-bundle, the cells containing oil and starch- 
grains in the spring, and its function appears to be that of storing 
and conducting food- material much more than that of conducting 
water. The cells of the central bundle alone give a pure cellulose 
reaction. No evidence of lignification was detected in any i)art 
of the structure. (Bot, Ztg,^ 1892, p. 153.) 

F. Stephani has some interesting notes on the morphology and 
physiology of the leaf-lobule in certain members of the Hepaticse. 
(Jour, Linn, Soc,, w. 29.) 

Aifgwe. 

M. If. Gnignard has given a very full account of the muciferous 
tissue present in the members composing the Laminariaceae. 
liaminaria Cloustoni was the species used in the researches 
embodying the origin and development of the mucus-canals. These 
bodies are absent in a fully developed f omi in the generating zone 
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connecting the perennial basal portion of the aJga and the annual 
lamina ; ne^'ertheless, the canals originate at this pointy and spread 
to the lamina and stipe respectively. Their first appearance is 
that of lenticular cavities in the radial walls of the epidermal 
cells, which soon become filled with mucilage ; at a later stage the 
mucus-canals give off branches, which anastomose with each 
other, thus forming an irregular network. This network 
approaches the surface of the frond, but never pierces the cuticle, 
hence the mucus is never liberated at the surface of the frond. 

The author considers that specific, but not generic characters 
may be furnished by the presence, absence, and localisation of 
these mucus-canals. (Ann. Sci. Nat [Bot.J, xv. 1.) 

Edw. A. L. Batters describes a new genus of marine algae — 
Schmitziella — belonging to the order Corallinaceae. The genus is 
especially interesting on account of the morphological peculiarities 
presented, which differ considerably from those typical of the 
order to which it belongs. It is an endophyte, developing in the 
thick, laminated cell-wall of Cladophora pellucida, its presence 
being indicated by the beautiful red colour communicated to the 
stem of the host ; the thin red walls of the thallus do not con 
tain a trace of chalk ; finally there is an absence in all but the 
most rudimentary form of the enclosing wall with which the 
reproductive organs of all the other known Corallinacem are 
surrounded. 

The reproductive organs occur in sori — closely compacted 
clusters — scattered over the surface of the frond which is located 
in the substance of the cell-wall of the host On the tetrasporic 
sori the outermost layers of the wall of the host are ruptured by 
the protrusion of a central bundle of sterile filaments, or para- 
physes ; the same object is affected for the cystocarpic sori by the 
protrusion of the trichogynes. A margin row of filaments, usually 
composed of short two-celled threads, always remains sterile, 
forming a ring around the empty sorus ; this represents in a very 
rudimentary form the enclosing wall in which the reproductive 
organs of the other mcmbei’S of the Comllinacefie are developed ; 
hence Schmitziella illustrates the transition from the unenclosed 
sorus to the conceptacle. The only known species — Schmitziella 
endophloea — occurs on the English and French coasts. (Ann. 
Bot.^ vi. 185.) 

B. J. Harvey Gibson has described and figured the hitherto 
unknown cystocarpic fruit of Catenella opuntia, which is shown 
to differ from the usual floridean type in several respects The 
trichophoric systems are very numerous, yet only one cystocarp 
is produced; fertilisation is indirect, the carpospores being 
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developed in chains from the medullary network of cells, and not 
from the cells immediately beneath the trichogyne, the two sets 
of cells being, however, in organic continuity. {Linn. Soc. Jour. 
Bot.^ xxix. 68.) 

Phycological memoira. 

The first part of this new publication contains the following 
papers : — 

On Splachnidium rugosum, Grev.^ the type of a new order of 
Algce. Margaret 0. Mitchell and Frances G. Whitting. 

This alga has only one known kind of fruit, which it is sug- 
gested may be : (1) oogonia containing a large number of small 
oospheres ; (2) large antheridia ; (3) sporangia like those of the 
Laminariacese, containing zoospores. These three -possibilities 
considered as lying outside the range of probability, it is stated 
that “ there is no other course open to us than to establish one 
(natural order) for its reception under the name of Splachnidi- 
acese, the main chaiacter of which shall be reproduction by spores 
contained in sporangia which are borne within conceptades.'^ 

On the structure of Dictyosphaeria Decne. 

G. Murray. The component cells of the thalliis are not organic- 
ally joined, but held together mechanically by discs or tenacula, 
produced at the ends of more or less elongated filaments. In 
Dictyospliteria favulosa a collection of unbranched cells or units 
are united by tenacula into a colony ; this is considered as repre- 
senting the most reduced type of siphoneous thallus. 

On malformations of Ascophyllum and Desma- 
restia. 

Ethel 8. Barton. The gall-like swellings on the thallus have 
been found to contain nematodes and minute copepods, but under 
what conditions these creatures obtain access to the interior of the 
frond was not determined [hence it has yet to be demonstrated 
whether the galls are caused in the first instance by such animals 
as those named above, or by bacteria, as advocated by Schmitz]. 
{Brit. Assoc,^ 1892.) 

On Conctaocelis, a new n^enns of perforating algas. 

£. A. L. Batters. This minute alga, growing in the substance of 
various shells, indicates its presence by a pink stain on the sur- 
face of the shell. It is supposed to belong to the Forphyracesc, 
and on this account is interesting, all previously known per- 
forating algae belonging either to the Cyanophyceae or the 
Chlorophyceae. 

J. B. Carmthers has examined the cystocarpsof certain species of 
Callophyllis and Rhodylnenia, and concludes that the develq)-' 
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meat of the fruit in Callophyllis obtvysifolia differs from the 
Recount given by Agardh for this species ; and on the other hand 
agrees in the main with the mode of development of the cystocarps 
’ in Gymnogongrus and Oallymenia, described by Bornet ; and 
those of Gigartina and Chondrus, as described by ^hmitz. {Linn. 
Soc. Jour,, xxix. 77.) 

T. Huber and F. Jadin have discovered a new perforating alga in 
streams near Montpellier^ belonging to the Cyanophycese, and 
which is to be hereafter known as Hyella fontana. It is closely 
allied to Hyella caespitosa Born, and Flah., also a perforating 
alga, living in the shells of marine molluscs, whereas the present 
species lives in the old shells of molluscs, and also in.the calcareous 
stones forming the bed of clear, well-aerated rivers and streams. 

On rocks, where it is most abundant, the alga penetrates to a 
depth of 1-2 mm., and forms extended layers, imparting to the 
stones a greenish-grey to a bluish-green colour. The alga is com- 
posed of branched filaments formed of cells with homogeneous 
contents and destitute of a nucleus. All the superficial vegetative 
cells are capable of becoming transformed into I'eprod active cells 
or sporangia, by repeated division of their protoplasm. The fila- 
ments eventually replace nearly all the chalk at the surface of the 
stone, and as this takes place the deep-seated filaments of the 
Hyella penetrate lower and lower, thus causing a slow but 
continuous disintegration of the substratum. 

The attention of palaeontologists is called to the fact that all 
the perforated shells and stones were found in quick-running, 
clear, rather shallow water. This remark might perhaps serve 
to indicate the conditions of life and the deposition of certain 
fossiliferous deposits. (Jour. Botanique [Morot], Aug., 1892.) 

Fung^« 

M. C. Van Bambeke. from an examination of numerous species 
belonging to 44 genera, illustrating the most varied forms included 
in the Agaricineae, concludes that vascular hyphae ” — the name 
adopted for the older terms, laticiferous vessels, oleiferous vessels, 
sap^ucts, etc. — are probably present in all the Agaricineae. The 
vascular hyphae may be present in either stem, pileus, or hyraenium, 
depending on the particular species, and from the variable nature 
of their form, arrangement, and contents, might be utilised as 
factors in classification. The contents of the vascular hyphae are 
complicated, and amongst other substances present are--fatty 
matters and glycogen, which suggest that one function is the 
distribution of food material ; and as the organs frequently 
terminate externally between the elements of the hymenium, it 
is assumed that they may perform other functions of elaboration 
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and excretion* [It has-been shown, O. Xassea, J&iir. LifPn. Soe.^ 
XXY. 1 19, that iheso organs exalte oxalate of lime.] (Bat. Jmrb. 
[Beut.]j iv. 1892, p. 176.) 

Harold Wager (“ On the Nuclei of the Hymenolnyeetes gives 
a pFdiminary account of some observations on the nuclei of the 
basidia of Agaricus (Stropharia) stercomrius. The young basidia, 
in this and other species of agarici, contain two nuclei, which 
appear to pass mt6 the basidium from the hymenial hyphse. At 
an early stage the two nuclei fuse together and form a single 
large nucleus, which is situated near the centre of the basidium, 
and finally takes up a position near the apex of the basidium. 
The structure of the nucleus resembles that of the higher plants, 
consisting of a nuclear membrane, enclosing a dense nucleolus 
and a thread-like network. Previous to the formation of the 
sterigma the nucleus divides, first into two, then into four. The 
four nuclei now pass to the base of the basidium and come into 
close contact. When the four sterigmata are formed at the apex 
of the basidium the nuclei separate, and each nucleus takes up a 
position at the base of one of the sterigmata. The passage of 
the nucleus through the sterigma into the spore at its apex was 
not observed, but it was ascertained that the spores do not 
contain a nucleus until after the formation of the thick spore- 
membrane. When the spores are mature they contain two 
nuclei. {Ann, BoL, vi. 146.) 

Alfred Da Wevre describes some very interesting experiments 
made on Phycomyces nitens. The spores will not germinate in 
distilled water nor in ordinaiy water, neither in sterilised water 
containing any of the following substances in solution : oxalic 
acid, 1 per cent ; chloral, 1 per cent. ; chloral, 0’5 per cent. ; 
tartaric acid, 1 per cent. On the other hand, Penicillium 
glaucum develops perfectly in a 1 per cent solution of tartaric 
acid. Solar light, other things being equal, retards the growth of 
the fungus. Under certain special conditions the hyphse become 
transversely septate or very much swollen. Recherches exp^ri- 

mentales aur les Phycomyces nitena [Kunze].*' BiUl. Soc: Roy. 
Bot. Belg.^ xxx. 107.) 

AUted D» Wevre announces the presence of nuclei^ in several 
fungi belonging to the MucorinesB. The nuclei are very minute, 
rounded or fusiform, and immersed in the protoplasm. As a rule 
each spore contains only one nucleus, whereas in the tubes they 
are always plentiful and sometimes Very numerous. The nuclei 
multiply by division. The best preparations resulted from the use 
of picroidgronn.^ (‘*Le Noyau des Mucorin4eS;” Btill. Soc. Roy. 
BoL Bdg.^ xxx. 191.) ‘ 
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Bolaad Thaittr Suither Additions to the North Amerioan 
Species of Laboull^niaceai/’ Amer. Acad. Arte and 5ct., 1892^' 
voL xiv. 29) describes three new genera and several new species 
of Noi’th American Laboulbeniaceie tliat have been discovered^ 
since the publication of tlie same author’s very beautiful mono- 
graph, “The Entomophthorese of the United States/* {Mem. 
Boston Soc. Nat iv., num. vl, 133, 8 pi., 1888.) 

W. A. Setchell (“ An Examination of the Species of tlie Genus 
Doassansia, Cornu,** Ann. Bof.. vi , 1, 2 pi.) describes in de- 
tail the morphology and affinities of the species of Doassansia. 
Five new species are described. 

M. C. Cooke (“ Handbook of Australian Fungi **). This book 
is published under the auspices of the various Australian Govern* 
ments, and contains descriptions of all known Australian and 
Tasmanian fungi, numbering 2,084 species. It contains 36 plates, 
20 of which are coloured. 

Effeel; of movement upon the gv^wth of low^r 
organismii. 

H. L. Bussell has given the results of a series of experiments 
for the purpose of ascertaining (1) what influence mechanical 
movement has upon growth of cells in regard to size and form ; 
(2) its influence upon growth in regard to increase in number. 
The species experimented upon were — Monilia Candida, Oidium 
albicans, and Saccharorayces mycoderma. Two flasks containing 
sterilised nutrient solutions were inoculated with a known 
number of cells of the organism to be experimented upon, and 
were then subjected to exactly the same conditions, with the 
exception that one of them was kept in a constant state of 
agitation by specially-arranged machinery. The results show that 
continuous movement has but little effect on the form and size of 
fungal cells ; but hyphee are much retarded in development. 
On the other hand, agitation greatly favours the increase in 
number of cells, and consequently the amount of organic matter 
produced. The increased growth in agitated cultures as compared 
with still-grown cultures is usually 200-300 per cent. The 
amount of fermentation products, as determined by the alcohol 
formed, is uniformly less in c^tat^d than in still cultures. 

The cause jof tlie more rapid cell-formation by "mechanicajl 
movement is considered to depend upon aeitition of the culture^ 
the cells growing more rapidly in contact with atmospheric oxygAn 
tlian when submerged ; better conditions of nutrition, etc., are 
probably also le^ important factors. {Bot Gazette^ xvU. 8.) 

Xlciien^riiUiiir fiiiigt* , 

X. P. Harlot has examined the so-called genera Disbonema^ 



482 


THE year-book: of science. 


Rhipidonema, and Laudatea, and concludes that all must bo 
included under the generic name of Dictyonema. It is further 
stated that the last-named genus is a true lichen, and that all 
described species are but forms of one, D. sericeum. The fungus 
belongs to the Hypochnacese, and probably to the genus 
Coniophora; the basidia are tetrasporous (bearing four spores). 
The alga belongs to the genus Scytonema, and is considerably 
modified in its symbiotic condition. IBulL Soc, Myc. France, 
vii. 32.) 

M. H. Jumelle's researches on the biology of Lichens point to 
the following conclusions : — (1) The property of reviving after 
complete and prolonged desiccation, owing to the absence of 
water of composition, the amount of moisture being dependent on 
the quantity present in the substi*atum or body on which the 
lichen is growing. (2) In all lichens, under favourable conditions 
of light, temperature, and moisture, the process of assimilation 
exceeds that of transpiration, owing to the algal element being 
able to obtain carbon in sufficient quantity from the atmosphere. 
In the dark, on the other hand, the amount of carbon dioxide 
exhaled is always less*"thau the amount of oxygen absorbed ; the 
propoi-tions being about the same as those observed in the fungi 
(3) As in the higher plants, there is an optimum, or most favour- 
able point for moisture and temperature in connection with the 
performance of the vital processes. {Rev. Gin. de Bot., iv. 56, 
and following numbers.) 

Sctaizophyceae. 

Hugo Zukal (“ On the Cell-contents of the Schizophytes ”) 
points out the difference of opinion of different observers respect- 
ing the cell-contents of the Cyanophycese, or blue-green algae. 
According to some authors, there is present a nucleus, chro- 
motophore, vacuoles, and starch ; others assert that all these are 
absent, and the colouring matter is diffused in the homogeneous 
or granular protoplasm. 

The author has investigated the structure of Toljpothrix 
lanata Wartm., in the cells of which a nucleus and nucleolus has 
been described by Wille, Hansgirg, Zacharias, and Scott. In 
the fresh filaments the cells contain a nucleus containing two or 
more irregular nucleoli, the latter stain deeper than the former 
with eosin and hacmatoxylin, whereas with a watery solution of 
iodine the opposite effect is produced. The nucleoli of each 
nucleus fuse into a single, round, brilliant nucleolus, correspond- 
ing to the nucleolus of Wille. In the hormogonia of living 
filaments, each cell, under very high magnification, shows a 
periphend coloured layer, and a central, colourless, granular 
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mass, with no trace of nuclei or nucleoli ; thus resembling more 
an Oscillatoria than the adult state of Tolypothrix ; nevertheless, 
• certain of the hormogonia have the cells at the base nucleate, 
and those towards the apex granular. In cultures of the hormo- 
goniii the nucleus was seen to elongate, and along with the 
nucleolus finally divide into two nuclei ; by a repetition of 
Uiis method four nuclei are formed and ranged in a line, later 
on eight nuclei are formed by the same process of constriction ; 
these are individually surrounded by a thin layer of protoplasm, 
and arranged irregularly ; finally, when thirty-two nuclei are 
formed, their special protoplasmic coverings blend with each other, 
and with the surrounding cytioplasm. 

The coloured peripheral layer of the cell is considered as 
representing a chromatophore. (Sitzungs, der KaiserL Akad, der 
Wiasensch, in Wien,, ci. 301.) 

F. A. Dangeard describes what he considers as an undoubted 
nucleus in Merismopedia convoluta Br4b., one of the Cyanophy- 
cese. The nucleus occupies about half the cell, and becomes 
strongly coloured with hsematoxylin after fixation in absolute 
alcohol. Canada balsam was found to be the best mounting 
medium. (Le JSotaniste, 1892, p. 28.) 

The glnger-heer plant* 

H. Marshall Ward has investigated the nature of the compound 
organism found in home-made ginger-beer fermentations. It is 
jelly-like, semi-transparent, yellowish-w^hite, and forms brain-like 
masses or deposits at the bottom of the fermentations, resembling 
in some respects Caucasian kephif grains, with which, however, 
it is by no means identical. The jelly-like lumps consist essen- 
tially of a symbiotic association of a specific saccharomycete and 
a schizomycete. 

Both these organisms are hitherto undescribed. 

Saccharomyces pyriformis (Ward) is an anaerobic bottom-yeast 
that develops . large quantities of carbon dioxide, but forms 
little alcohol. It has an aerobic form in which the rounded cells 
grow out into club-shaped or pyriform cells, whence the specific 
name. It inverts cane-sugar, and ferments the products, but is 
unable to ferment milk-sugar. 

The Schizomycete, Bacterium vermiforme (Ward), has been 
thoroughly studied. It occurs in the fermentations as curved or 
straight rodlets or filaments, encased in a very thick, firm, gela- 
tinous sheath, and is so pronouncedly anaerobic that the best 
results were got by cultivating it in carbon dioxide under 
pressure. 

The jelly-like lumps of the “ginger-beer plant’’ are essen- 
F F 2 
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tially composed of the sheathed and coiled bacterium entangling 
the cells of Saccharomyces pyrifoimis. 

The action on the saccharine solution produced by the 
bacterium alone is different to that effected by the saccharomyces 
alone ; and both differ from the action of the two organisms, 
synthesised as a compound organism. 

The author succeeded in reconstructing the “ginger-beer 
plant by mixing pure cultures of the above two organisms. 

In addition to the above, Mycoderma cerevisiee (Desm.), and 
Bacterium aceti (Ktzg. and Zopf), were met with in all the speci- 
mens which were examined ; and as foreign intruders, more or 
less frequent, various forms of yeast, some of which are prob- 
ably new, together with various moulds, etc. {PhiL Trans, <1 
clxxxiii. 125.) 

H. Marshall Ward (“ On the Characters, or marks, employed for 
classifying the Schizomycetes has contributed some very valu- 
able suggestions bearing on the classiff cation of the schizomycetes. 
The author considers that the present state of chaos in this 
relation is due to the unpremeditated absence of touch mani- 
fested in the lines of research pursued by two distinct bodies 
of observers ; the botanists, on the one hand, having confined 
their attention too exclusively to morphological features ; while 
on the other, the bacteriologists have attended too exclusively 
to the behaviour of their species on certain media. 

It is considered as beyond reasonable doubt that the great 
cause of multiple species has been growth under different 
conditions. As an illustration, there is evidence to show that a 
given organism may be anaerobian in saccharine solutions, but 
aerobian on gelatine; or again, a form which grows like an 
ordinary bacillus in a sacchaiine solution may present a very 
different appearance if cultivated in beef-broth, and so on ; hence 
it is obvious that unless all the conditions are noted under 
which a form presents a given appearance, or manifests certain 
characteristics, multiple species must inevitably be the outcome. 

The author considers that a congt^ess of bacteriologists might 
elaborate some international scheme of common agreement for 
recording the peculiarities of the schizomycetes they meet with, 
and in the meantime suggests the following questions, all of 
which, and possibly others, obviously require to be answered 
before a complete description of a species can be drawn up ; — 
(1) Habitat ; (2) nutrient medium ; (3) gaseous environment ; 
(4) temperature ; (5) morphology and life-history ; (6) special 
behaviour ; (7) whether the schizomycete is pathogenic or not, 
etc. . 
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A history of the different schools of bacteriology, also the most 
important schemes of classification, are given. {Ann, Bot^ vi, 101.) 

Myxogastres. 

A Monograph of the Myxogaetres, — G. Hassee has given in a 
book having the above title a systematic revision of all the known 
organisms included under the names, Myxogastres, Myxomycetes, 
or Mycetozoa, including 41 genera and 458 species. The primary 
divisions are founded on the relative development of the capilli- 
tium or network mixed with the spores, in its bearing on spore 
dispersion, and are as follows: — (1) PeritricheaB — wall of the 
sporangium not incrusted with lime ; capillitium absent, or 
formed from the wall of the sporangium. (2) Columelliferse — 
wall of sporangium without lime ; capillitium originating from a 
columella or central axis. (3) Lithodermese — wall of sporangium 
with an external deposit of lime ; capillitium present. (4) CalO' 
trichese — wall of sporangium without an external deposit of lime ; 
capillitium present, not springing from a columella. 

The vexed question concerning the vegetable or animal 
nature is discussed, and after noting that the life-history of these 
organisms is composed of two abrupt phases — vegetative and 
reproductive — attention is drawn to the fact that all the argu- 
ments formulated by De Baiy and others, who consider the 
Myxogastres as being outside the vegetable kingdom — in other 
words, as belonging to the animal kingdom — are derived from the 
vegetative phase, whereas all the points of differentiation that give 
individuality to the group are entirely confined to the repro- 
ductive phase, and probably determined by the change from an 
aquatic to a terrestrial habitat. The occurrence of hybrids 
suggests the probability of conjugation between the components 
of a plasmodium. 

Figures of the species and microscopic details are given on 
twelve chromo plates. (Methuen and Co., London.) 


MINUTE ANATOMY OF PLANTS. 

By D. H. SCOTT, M.A., Ph.D., F.L.S. 

The year 1892 has not been specially fertile in works of general 
importance, relating to the internal structure of plants, or in histo- 
logical discoveries of wide bearing. In both these respects the 
year contrasts unfavourably with 1891. The actual amount of 
work produced is, as always, veiy large, and even the number of 
papers which appear to require some notice here is considerable. 
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As a rule, however, their scope is somewhat limited, and their 
interest rather special than general. Some important papers 
published at the very close of the year can only be noticed in the 
next volume of this ‘‘Year-Book.” 

HISTOLOGY. 

The most interesting work which has been done in this part 
of the science is on fertilisation. 

Hitherto there have been very few investigations of the 
details of this process in the lower flowerless plants, especially 
as regards the behaviour of the nuclei of the sexual cells. A 
paper by Klabahn, “ On the fertilisation of a species of QSdogo- 
nium,” is of much interest from this point of view. (Edogonium, 
a genus of filamentous fresh-water Algae, has large nuclei, which 
have long been known to divide by the same karyokinetic process 
as those of the higher plants. The author has traced the nucleus 
of the spermatozoid during its passage through the protoplasm 
of the ovum, and has seen it fuse with the female nucleus. 
The group of male chromatic elements can even be distinguished 
within the nucleus of the ovum after fusion has taken place. 

The author thinks that the cells which are cut ofiT immediately 
below the oc^onium may have the physiological significance of 
polar bodies. (Klebahn, “Studien tiber Zygoten, II.” Privg- 
sheinCa Jahrbueh fiir tmasenschaftliche Botaniky xxiv. 235.) 

In the case described there is a striking difference between 
the male and female nuclei at the time of their union. The male 
is smaller and relatively richer in chromatine than the female. 
A certain school of investigators lay great stress on diflerences 
of this kind. Others, as for instance Guignard and Strasburger, 
regard them as non-essential, depending on the stage of de- 
velopment and not on sex. Zacharias, who claims to have 
established a chemical difierence between the sexual nuclei, 
replies to Guignard {see “ Year-Book,” 1891, p. 444). Guignard, 
working at Phanerogams, had pointed out that when the united 
nuclei of the fertilised ovum prepare for division, they are for 
the first time in a strictly comparable condition, and that 
then there is no difierence between the male and female seg- 
ments. Zacharias answers that by that time the two nuclei 
may have reacted on each other, and equalised the difierences 
which existed at an earlier stage. He insists that there must 
of necessity be a difierence between the sexual nuclei, other- 
wise. we could not explain the inability of the ovum to develop 
without fertilisation. On the theories of Weismann, Guignard, 
and Strasburger, however, the distinction between two sexual 
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nuclei is on a par with the distinction between two individuals 
of the same species, and must therefore be quite inaccessible to 
microchemical tests. (Zacharias, Bot. Zeitungy 1. 246.) 

SchottUiader and Rosen, the former working with Ferns and 
Liverworts, the latter with Liliaceae, endeavour to demonstrate a 
difierence in colour reactions between the male and female nuclei. 
Similar statements had been made in the case of vertebrate animals 
by Auerbach. The male nucleus is said to have a special aflSiiity 
for blue stains, the female for red. As these reactions are 
independent of the chemical composition of the stains employed, 
the significance of such observations is obscure. (SohottUinder, 
Berichte d. deutschen hot. GeselUchafty x. 27 ; Rosen, Cohn^s 
Beitrdge z. Biol. d. Pflanzen, v. 443 ; see also SchottlSnder, 
Cohn^s Beitrdge^ vi. 267.) 

Chanveaud has investigated fertilisation in certain cases of 
polyembryony. In Vincetoxicum, for instance (N. O. Asclepia- 
daccse), several embryos are normally matured in each seed. He 
finds that in these cases all the cells at the apex of the 
embryo-sac are functional ova, and may exceed three in number. 
He appears to regard this as the primitive condition in Angio> 
sperms; He finds only a single pollen-tube present in these 
cases, and explains the multiple fertilisation by the unusually 
large number of generative nuclei found in the pollen-tube. 

Ohauveaud finds that in Vincetoxicum the ovule has no 
integument, and that the embryo-sac is derived directly from a 
hypoderraal cell without previous divisions — an unusually simple 
condition in Dicotyledons. (Chauveaud, Comjytes KenduSy cxiv. 
313 and 504.) 

Mottier records a new case (in Arisiema triphyllum, N.O. 
Aroidea?) of the longitudinal division of the embryo-sac mother- 
cell, into three or four embryo-sacs, only one of which, however, 
develops further. (Mottier, Bot. Gazette^ xvii. 258.) 

There is very little to note in general histology. CJrato 
claims to have discovered a new organ in the cell. The bodies 
observed (which he calls physodes) are utricular swellings on the 
strands of protojdasm crossing the cell cavity. They have fluid 
contents, which usually give the reactions of phloroglucin. The 
physodes show active amoeboid movement, and may put out 
branches. They do not increase by division, but arise de novo 
from the protoplasm. The author regards them as easily trans- 
portable reservoirs of plastic substances. They were found in all 
cells investigated, but the observations were chiefly made on a 
brown seaweed, Chsetopteris plumosa. (Crato, Ber. d. deiiisch* hot. 
GesellscJiafty x. 295.) 
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0«rasiiiiioff has investigated the cells without nuclei which are 
SDmetimes found in Spirogyra and its allies. In some cases 
the formation of such cells can be induced by lowering the 
temperature ; the division of the nucleus is thus checked, while 
the formation of the cell-wall may continue. The cells without 
nuclei may form starch, and grow for a time, but sooner or later 
they perish. 

An interesting incidental observation is that the lowering of 
temperature may cause the nucleus to divide directly, instead of 
by the usual process of karyokinesis. (Oerassimoff, Tiber die 
kenilosen Zellen bei einigen Conjugaten,’’ Bull. Soc, Imp. den 
Naturalistea de Moscouj 1892, 109.) 

The question as to the existence of a nucleus in the blue-green 
Algae, or Cyanophycese, continues to receive attention. Most 
recent authors have regarded the central fibrillar body as repre- 
senting the nucleus, if one be present at all. Zukal, however, 
endeavours to show that certain granules in the protoplasm are 
the nuclei. His views are explained more fully on p. 482. 
Hieronymus returns to the former opinion, and gives a very full 
account of tlie supposed nucleus, which he proposes to distinguish 
as an open nucleus from that of higher organisms, a nuclear mem- 
brane being absent in the Cyanophyceae. Zacharias criticises 
both papers, chiefly from a micro-chemical point of view. 
Until we have some definite evidence as to the behaviour of 
the supposed nucleus during division, the solution of the problem 
iqipears hopeless. (Zukal, Ber. d. deutsch. hot. Gesellschaft, x. 
51 ; Hieronymus, CohrCs Beitr. z. Biol. d. Pflnnzm^ v. 461 ; 
Zacharias, Bot. Zeitung^ 1. 617.) 

Dodel has very fully investigated the dcveloj)nieiit of the 
starch-grains in Pellionia Daveauana (N. O. Urticaccte), which 
appears to be the most favourable object for the purpose yet 
discovered. He fully confirms Schimper’s results as to the 
formation of starch-grains by protoplasmic plastids. Such valu- 
able evidence, supported by a most complete series of figures, 
is especially welcome just now, when doubt has been cast on 
the significance of plastids. (Dodel, Flora^ 1892, 267.) . 

A paper by Correns, on the seeds of Cuphea, describes what 
may feirly be called a histological curiosity. It is already 
known that these seeds, and those of some other Lythracece, 
when moistened, develop long hairs, which in twenty-four 
hours attain a length equal to the breadth of the seed. The 
author has now cleared up the history of these strange forma- 
tions. In tlie epidermal cells of the seed-coat a singular in- 
growth of the cell -wall is present, forming a hollow thread, 
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coiled up in the cavity of the cell, and attached hy one end 
to the outer waU. When the seed is wetted the portion of 
cuticle lying above the attachment of the thread opens as a 
lid, and then the thread turns itself inside out, like the finger of 
a glove, at the same time straightening itself to form the hair 
which now projects freely from the surface of the cell. The 
thread contains a mucilage, which is expelled by the process of 
eversion, and causes the hairs to adhere firmly to the soil in 
which the seed may be lying. This curious phenomenon is quite 
independent of the life of the cell, going on as usual in seeds 
which have been killed in alcohol. (Correns, Ber. d, deutach, hot. 
Geselhchaftj x. 143.) 


ANATOMY. 

General. 

The question of the limit between stem and root is discussed 
by Van Tieghem. This limit may be defined either by external or 
by internal characters : by the epidermis or by the vascular 
cylinder. In the Monocotyledons, where the whole of the 
epidermis of the root (according to the terminology of the French 
anatomist) is exfoliated, the line of detachment affords a satis- 
factory demarcation, which agrees sufficiently well with the 
transition in the vascular region. In Dicotyledons the inmost 
layer of epidermis remains adherent to the root. Here we can 
only arrive at a definite external limit between the two organs by 
taking the first tangential wall in the epidermis as the border- 
line. This, however, by no means always corresponds to the 
change in internal structure. The author thinks that it is 
on the latter alone that the demarcation can safely be based, as 
this alw’ays affords a definite criterion, while the epidermal limit 
is variable and often doubtful. (Van Tieghem, Jov.r, de Bot,^ v. 
425.) 

Lopriore has investigated the regeneration of roots which have 
been split down the middle. The normal structure is almost 
always completely restored, all the tissues taking part in the new 
development. A wound-tissue or callus is first formed, in which 
a meristem appears by the activity of which the missing tissues 
are regenerated. The process is often accompanied by an 
abnormal development of branch-roots, which are frequently 
‘‘ congenitally coherent,” i.c., several of their vascular cylinders 
are more or less united from the first, and are enclosed within a 
common cortex. (Lopriore, jBer. d. deutsch. hot OesellscJiaJi^ x. 76.) 

Siedler writes on the radial current of sap in roots. The paper 
is mainly anatomical, and chiefly concerns the outer or hypodermal 
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layers of the cortex in roots (including the exoderoiis). The 
author finds reason to believe that these layers act as a water- 
reservoir, on ’which the i*oot can draw in time of need. (Biedler, 
CohvlB Beitr, z. Biol. d. PJlangen^ v., Heft 3.) 

Another paper may be mentioned here as having some bearing 
on the water current in plants. Benecke lias examined the 
subsidiary cells, i.c., the modified epidermal cells, which often 
accompany the stomata. He gives a classification of stomata, 
based on the presence or absence, and on the ari’angement of these 
cells. He is unable to determine their exact function, but points 
out that they are so placed as to protect the stomata against the 
effects of drought. (Benecke, Bot. Zeit.^ 1. 521.) 

Passing on to * the cambium and its products, a paper by 
Krfiger on the thickenings on the walls of cambial cells must be 
noticed. These thickened ridges are always present in the radial 
walls of the cambium, in Dicotyledons, Monocotyledons, and 
Gymnosperms. They can he traced even in the prbeambial tissue 
from which the primary vascular bundles are developed. The 
thickenings represent the first indications of the ultimate 
sculpturing of the cell- walls ; the thin parts between the ridges 
become pits or sieve-plates. In the cambium they are less con- 
spicuous in summer than in winter, simply because during 
active growth all the cell-walls become radially stretched, and are 
thus made thinner in all their parts. There is no evidence that 
the thickening masses are ever reabsorbed. (Kr^er, Bot. Zeit.^ 
1. 633.) 

Baatz has investigated the rod-like processes of the cell-wall 
which occur in the cambial cells and their derivatives, not only in 
Conifers, but in Casuarina and some Dicotyledons. As these 
structures are handed on to all the descendants of the cambial 
cell which originally }>ossessed them, they afford a convenient 
means of tracing the participation of individual cells of the 
cambium in the formation of the secondary tissues. As the 
result of his investigation, the author finds that there are no 
definite initial cells as Sanio supposed, but that any cell of the 
cambial region may go on dividing indefinitely, if its position be 
favourable. (Baatz, Pringsheim^a Jahrhuch f. toiaa. Bot.^ xxiii. 
567.) 

The controversy on the causes of the formation of annual rings 
in trees is still active. Hartig publishes a reply to Jozt's paper, 
noticed in the “Year-Book” for 1891, p. 451, and Jost again 
replies to Hartig. The latter insists on the importance of 
increased nutrition as a cause of the formation of the thick-walled 
autumn wood. He shows that, as the reserves of food are but 
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little utilised for the purpose of forming wood, the development 
of dense wood must depend on assimilation by the leaves, which 
goes on most energetically in the height of summer, when the so- 
called autumn wood is being formed. Hartig, however, now only 
oflTers this explanation to account for the thickness of the cell- 
walls ; the nature of the elements formed he regards as a specific 
character of the tree in question, while the size of the cavities of 
the vessels is dependent on transpiration, and the consequent 
intensity of the water current. Jost, on the other hand, is 
inclined to refer the phenomenon of annual rings to internal 
causes, and to regard it as directly dependent on the development 
of the annual shoots. He admits, however, that abundant 
nutrition is a necessary condition for the formation of dense 
wood, but points out that we at present possess no evidence as to 
the nutrition of the cambium at different seasons. On the whole 
Hartig tends to a purely physiological explanation by means of 
assimilation and transpiration, while Jost relies rather on correla^ 
tion of growth. 

Wieler, like Hartig, attributes much importance to the effect 
of nutrition, but he places its maximum in spring, and regards 
the large-celled spring wood as the best fed. While Hartig 
chiefly aims at explaining the relative thickness of the walls, 
Wieler’s theory is only intended to account for the radial 
diameter of the elements. He endeavours to support his opinion 
by showing that under favourable conditions not only does th(^ 
breadth of the whole annual ring increase, but also the radial 
diameter of the individual elements. He shows that the more 
abundant is the water-supply of the cells, the more do they grow 
in the radial direction. 

It is satisfactory to find that all authors now agree that only 
the dimensions of the elements are directly dependent on external 
conditions. The histological character of the tissues, whether 
formed from the cambium or otherwise, will certainly require 
some more profound explanation, which is probably reserved for 
the distant future. (Hartig, ZeiL^ 1. 193 ; Jost, ditto, 489 ; 
Wieler, Tharander Forstliches Jahrbuch, xlii. 72, AbstrarU ^ot. 
Centralblatt, Hi. 62.) 

Dahmen publishes an elaborate paper on the anatomy and 
physiology of the funiculus of seeds. (Prings/teim^s Jahrbuch f 
tviss. BoU^ xxiii. 441.) 

An interesting paper on the structure of the leaf in Alpine 
plants has been written by Wagner. He finds, in agreement with 
the conclusions of Gaston Bonnier, that the leaves of the gi^t 
majority of Alpine plants are adapted to intense assimilation. 
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These leaves show an exceptional development of the palisade 
parenchyma, which is the assimilating tissue par excellence. In 
many cases the adaptability of the same species is remarkable, 
Alpine individuals having much more abundant and character- 
istic palisade tissue than those grown in the plain. A large 
proportion (39 per cent.) of the Alpine plants investigated had 
more stomata on the upper than on the under surface of the leaf. 
The stomata are freely exposed on the surface of the epidermis, 
and the inner tissues of the leaf have abundant intercellular 
spaces. All these characters are regarded by the author as 
being primarily adaptations to increased assimilative activity. 
This he explains (1) by the much greater intensity of sunlight 
at high levels ; (2) by the diminished amount of COg available ; 
and (3) by the shortness of the period of active vegetation. 
Many other points of interest will be found in the paper. 
(A. Wagner, Zur Kenntniss dee Blatthaues der Alpenpjlanzen 
Sitzmigsber d. k, Akad. d. Wise, nat math Claese, Wien,^ ci. 1, 
487.) 

Special. 

Among papers on systematic anatomy Van Tieghem’s complex 
tion of his work in the Melastomacese is important. The 
author has now examined sixteen additional genera, and is 
thus enabled to complete his classification of the whole of this 
great order in accordance with the anatomical characters. As 
an example of the skilful employment of anatomy in classifica- 
tion, the work is of special value. The author points out the 
general agreement between the results of anatomical and of 
morphological inve.stigation. He insists that there can never be 
any real contradiction between well-established external charac- 
ters and internal characters properly appreciated, if differences 
due to adaptations he left out of account. The reservation, it 
will be seen, is an important one. In a footnote the author 
mentions a point of general anatomical interest : the cortical 
bundles present in so many Melastomaceae have a peridesm {see 
“ Year-Book ” for 1891, p. 450) and endodermis of their own, while 
the bundles in the pith possess no other elements than those of 
the bast and wood. (Van Tieghem, Amii dea Sci, Nat, Bot, 
[vii.], XV. 369.) 

Von Bchlepegrell has given a full account of the anatomical 
characters of the Tubiflorse, embracing the natural orders, Hydro- 
phyllacese, Boraginacese, Folemoniace^, Convolvulacese, Nolan- 
acese, and Solanaceas. Such summaries are very necessary from 
a systematic point of view, even though they may contain few 
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additions to anatomical knowledge. (V. Schlepegxell, Bot Central* 
blatt, xlix. 194.) 

Vesque, in a paper on the anatomy of the tribe Clusieae, 
discusses the general question of the value of anatomical charac- 
ters. Otherwise the paper is of purely systematic interest. 
(Vesque, Jour, de Bot,, vi. 81.) The same may be said of papers 
by Chodat and by Eoss on the anatomy of the leaves of Iridacese. 
(Chodat et Balicka-lwanowska, Jour, de Bot.^ vi. 220; also in 
Lahoratoire de. Botanique de Ge'iih:e^ I. ; Boss, Mnlpighia.,, v.) 

It is well known that in several genera of Dicotyledons 
strands of phloem are present, embedded in the wood. In some 
cases they are formed on the inner side of the cambium, and 
thus belong by development as well as by position to the wood ; 
in others they are formed, like normal phloem, on the outer side 
of the cambium, and only become enclosed in the wood at a 
later stage. Chodat has fully investigated this question in the 
case of the Malpighiaceous genus, Dicella, and finds that its 
“phloem-islands” belong to the former category, while in 
Strychnos, as has been known for some time, the reverse is the 
case. Investigations by Chodat and Eoulet appear to show that 
Thunbergia (N. 0. Acanthaceae) agrees with Dicella, while the 
similar anomaly in the Aquilarie^, a tribe of Thymelseaceie, has, 
according to Van Tieghem, the same origin as in Strychnos. 
(Chodat, Lahoratoire de Botanique de GenevCy i.; Extrait 
des Archives des Sciences Phys, et Eat,, xxvii. 229 dit . ; Van 
Tieghem, Jour, de Bot,, vi. 217.) 

Borsi has investigated some curious anomalies in certain 
Oruciferae. In Brassica fruticulosa and in Erucastrum virgatum 
he finds that the vascular bundles of the stem have phloem on 
their inner as well as on their outer side. He also finds phloem 
embedded in the wood of both root and stem. It is formed on 
the inner side of the cambium. These peculiarities are excep- 
tional in the order Cruciferae. The same author shows that 
among the Leguminosse, Phaseolus Caracalla develops groups of 
phloem in the parenchymatous part of its wood. (Borsi, Mol* 
qnghia, v. 316 and 372.) 

As regards secretory tissues, there is a paper by F. E. Weiss, 
on the curious caoutchouc-containing cells of Eucommia ulmoides, 
a Chinese plant of doubtful affinities. These cells form a con- 
necting link between ordinary secretory sacs and the enormous 
branched laticiferous cells of certain Euphorbiace«& and other 
Dicotyledons {see “ Year-Book ” for 1891, 447). The caoutchouc- 
cells of Eucommia arise in pairs, by the division of a cortical cell. 
They grow to a great length, but do not branch. The author 
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correlates the absence of branches with the fact that the nucleus 
remains undivided. These cells are formed not only in the 
young organs of the growing points, but also in the secondary 
])bloem, thus differing from the true laticiferous cells, which never 
arise de novo anywhere except in the embryo. These results, 
interesting in any case, will prove doubly so if the supposed 
Euphorbiaceous affinities of the genus should be con6rmed. ^In 
that case we might regard the secretory cells of Eucommia as 
representing a stage in the evolution of the laticiferous cells 
proper, which form so striking an anatomical feature in other 
members of the order. (F. £. Weiss, Linn. Soc. Tram. Bot. [2], 
iii. 243.) 

Barber has investigated the development of the remarkable 
corky excrescences on the stem of Zanthoxylum. He finds that 
these conical outgrowths always arise beneath a thorn, and just 
outside an internal gland. A meristem appears in this position, 
which produces towards the outside very abundant layers of cork, 
by which the thorn is gradually raised up. At a later stage the 
thorn becomes detached and the prominent corky growth alone 
remains. The author enumerates many other plants in which 
basal formation of cork below thorns takes place. (Barber, Ann. 
Bot.^ vi. Ie55. See also p. 469.) 

Baats has made an interesting contribution to our knowledge 
of thyloses, having for the first time discovered these structures 
in the wood of Coniferse. These hemia-like growths arise in this 
case from cells of the medullary rays. They not only penetrate 
into the tracheides, but also into empty cells of the rays them- 
selves, completely filling up the cavities which they invade, and 
giving rise to most complicated structures. The author finds 
that they almost always arise in connection with wounds. The 
same stimulus which starts the formation of wound-callus, also 
calls forth the luxuriant internal growth to which thyloses are 
due. The phenomenon is most common in the root. (Baats, Ber. 
d. deutach. hot. GeaelUchafty x. 183.) 

Poirault has continued his investigations on the anatomy and 
development of Ophioglossum. In some species the roots have a 
normal structure; in others, as the British adders-tongue {0. 
vulgatum)y the root-cylinder is anomalous, including only one 
bundle of xylem and one of phloem. The author shows that this 
distinction is not constant, the normal species occasionally forming 
anomalous roots, and vice veraa. In all roots of the genus, however, 
the pericycle is absent opposite the phloem. 

The author confirms Van Tieghem’s opinion that the stem of 
Ophioglossum is astelic (aee Year-Book,” 1891,454). In 0, 
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capensBy near the base of the stem, each bundle has a clear 
endodermis of its own ; higher up the stem only a few cells show 
the characteristic endodermal structure. The true endodermis 
turns out to be the layer next the bundle, which Van Tieghem 
regarded as peridesm. 

Besides the buds nominally formed on the root Year-Book ” 
for 1891, 454), endogenous buds may arise on fragments of the root. 
They are not connected with the vascular cylinder of the parent 
organ. Similar buds may be formed on fragments of the stem, so 
that the genus possesses abundant means of vegetative propaga- 
tion. (Foirault, Jour, de Bot.y vi. 69.) 

Bostowzew has published a valuable preliminary communication 
(of considerable extent) on Ophioglossum. He has investigated 
the details of the growth of stem and root, which takes place by 
means of a single apical cell in each case. He mentions that the 
stem has a slight secondary growth in thickness, but reserves 
anatomical particulars for his full paper. (Bostowsew, Overaigt 
over. d» K. Dauske Videnskah Sehkaha Fo^'haiidlingary 1891, 54.) 

Botrychium virginianum has been investigated by Holtzman, who 
finds that there is a single apical cell at the growing point of the 
stem, thus confirming current views. {Bot. Gazette^ xviL 214.) 

It is well known that some species of Equisetum produce sub- 
terranean tubercles, which serve for vegetative propagation. These 
organs have been examined by Leclerc du Sablon. Each tubercle 
consists of a single intemode. In E. Telmateia they occur singly, 
as branches on the rhizome ; in E. sylvaticum they form chaplet- 
like series. The vascular bundles of the tubercle form an irregular 
network, and differ considerably from those of the rhizome itself. 
Each bundle has its own endodermis (even when the rhizome is 
apparently monostelic) ; it has no intercellular space, and does not 
show the characteristic v-shape, the protoxylem elements being 
irregularly scattered, {cf. “ Year-Book, 1891, 454; Leclerc da 
Sablon, Revue gintrale de Bot.y iv. 97.) 

The anatomy and physiology of mosses are considered in a 
paper by Coesfeld. This author differs from previous investigators 
in regarding the central cylinder, even of the highest mosses, such 
as Polytrichum, as of uniform structure throughout, and present- 
ing no trace of differentiation between xylem and phloem. All the 
cells of the cylinder are said to retain their living contents. The 
function of the cylinder is regarded as consisting chiefiy in the 
storage of water on the one hand, and in the conduction of carbo- 
hydrates and proteids on the other. (CkMsfeld, Bot. Zeitungy 1. 153.) 

The subject of the anatomy of the higher Algse has received an 
important contribution from Qaigaard. Many of the Laminariaceas, 
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the most complex family of seaweeds from an anatomical pdint of 
view, are known to possess a special apparatus for the secretion 
of mucilage. Guignard has thoroughly investigated the structure 
and development of the secretory organs in various species of 
Laminaria, and has summed up our knowledge of the distribution 
of such organs throughout the family. 

The canals in which the mucilage is to be contained first 
arise as little ’spaces, formed by the splitting apart of some of the 
youngest cortical cells, quite near the giving point. At first the 
cells bordering on the space do not differ from their neighbours. 
Soon, however, one or more small cells are cut off on the inner 
side of each space. These small cells are the actual secretory 
organs by -which the mucilage is formed. 

In the meantime the intercellular spaces spread, by the further 
separation of cortical cells, so as eventually to form a complex 
network of canals, parallel to the surface of the stem or lamina. 
The secretory cells form isolated groups or masses, projecting at 
irregular intervals into the cavity of the canals, from their inner 
side. Branch canals lead outwards from the cortical network as 
far as the epidermis, but do not penetrate to the surface. This 
form of secretory apparatus is at present quite unique among 
plants. 

It occurs very irregularly in the order Laminariacese. Thus 
among our native oarweeds L. Cloustoni possesses the secretory 
organs both in leaf and stem, L, Jlexicaulia and L, saccharina 
in the leaf only, while Saccorhiza bulhosa and Alaria eaculenta 
appear to be quite destitute of them. (Gkiignard, Ann, des Sci, Fat. 
Bat. [7], XV. 1.) 


PHYSIOLOGY OF PLANTS, 


By Prof. F. E. WEISS, B.Sc., F.L.8. 

C^eneral. 

J. Wiesner concludes that there must be some limit to the 
divisibility of the living organised substance,' and by analogy to 
the ultimate particles of the cell wall he terms the correspond- 
ing particles of the protoplasm “ plasomes.” These plasomes are 
able to assimilate, to grow and divide, and the growth and divi- 
sion of such bodies as the nuclei and chloroplasts represent the 
sum of the changes of their constituent plasomes. These must 
not be confounded with molecules of organic matter, which make 
up the plasome and which are themselves devoid of independent 
li£e« The entire cell is built up of plasomeSi and even the cell 
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wall consists of such particles, which have, however, undergone 
a change, and have become transformed into ** dermatosomes.” 

The question whether these plasomes besides their other 
properties are the ultimate particles to which stimuli can be 
transmitted, Wiesner does not wish to answer; but, on the other 
hand, he is convinced that all plasomes are the carriers of hered^ 
itaiy characters. In the development ot the plant some 
plasomes become permanently altered, to form dermatosomes, 
etc., but others remain in what may be called a meristematic 
condition, and these constitute the germ plasm, which exists 
in all the cells of the plant. (Die Mementarstructur uml das 
Wadisthuin dev lebenden SuhstanZy Vienna, 1892.) 

O. Butschli works out still further the analogies between his 
artificial protoplasma-like emulsions and living protoplasm, and 
insists on his former conclusion that protoplasm is built up of a 
number of microscopic vesicles which by pressure give to it a 
structure resembling that of a honeycomb. Small particles are 
always found at the angles and certain stains are taken up by this 
artificial protoplasma. The fibrillated appearance of real proto- 
plasm is due to methods of preservation, as living protoplasm 
shows a vesicular structure. Protoplasmic movement is due 
to dififusion of substances into the vesicles and consequent rupture 
of the same, which disturbs the equilibrium of the mass, and 
entails certain mechanical displacement of the remaining vesicles. 
((Inter suchungen vher Mikroscopische Schaume und dm Protch 
idmmay Leipzig, 1892.) 

P. Klenun discusses the state of aggregation of protoplasm, and 
concludes that by this term various apparently identical but in 
reality very difierent phenomena have been described. 

Aggregation in the cells of insectivorous plants may be 
brought about by contact stimuli, and is therefore a special 
phenomenon. Aggregation in the cells of Spirogyra, however, 
can only be brought about by chemical means, and is an act by 
which some substance is excreted. (Floray 1. 395.) 

P. Hauptfleiscli states that in cells surrounded by a cell wall 
the streaming movement of protoplasm does not take place until 
the vacuole has increased to a certain size. The presence of 
oxygen he finds is essential for protoplasmic movement. If the 
latter has ceased it will only recommence in the presence of 
oxygen under pressures of 1*2 to 2*8 mm. of mercury. Still the 
author does not consider the movement to be caused by the^ 
presence of oxygen, but to be due to some internal force which 
cannot, however, manifest itself in the absence of oxygen.* 
{Jcthrb.f. tois. B.y xxiv. 173.) ^ : 

G G 



498 


THE TEAR-BOOK OF 8CIEKCE. 


W. Pfefftr appears as a pioneer in that branch of vegetable 
physiology which deals with the study of energy in planta He 
regrets the tendency to look upon the energy which is gained by 
respiration as the sole source of the working forces of plants, 
while, as a matter of fact, potential energy is gained more largely 
from other sources. In connection with respiration, he dwells 
upon the fact that where it is unaccompanied by a rise of tem- 
perature — in plants, for instance — ^the energy gain^ is greater than 
in warm-blooded animals, where a largo amount of heat is lost 
by radiation. This applies also to the energy derived from meta- 
bolic processes in the plant, in which almost all the units of heat 
evolved by chemical changes are transformed into potential or 
kinetic energy. Absorption of energy from without takes place 
by absorption of food, light, and, as plants are isothermal, also of 
heat. With regard to the absorption of light, most is known 
about the ultimate fate of the red and yellow rays absorbed by 
the chlorophyll, but, as Engelmann has shown, in plants devoid of 
chlorophyll, organic substance can result from the absorption of 
rays from the blue end of the spectrum. Pfeffer, however, con- 
cludes that the energy due to absorption of light is not nearly 
as great as that due to the absorption of food, and that even in 
the case of assimilation the energy obtained by the plant is due 
more to the absorption of the carbon of the carbonic acid than to 
the rays of light. {Abh, d, K, SdcJis. Ges, d. Wiss,, xxxi. 151.) 

H. Voeobting has made experiments on the transplantation — 
from one part of a plant to another — of tissues and organs, both 
in herbaemus and in woody plants. In the case of the former, 
he cut blocks of tissue out of the succulent root of the beet, and 
found that such pieces may be transferred and readily reunite 
with the root into which they are placed, forming a new cambium 
layer and increasing in thickness. If the blocks are turned 
upside down, disturbing influences are set up which show them- 
selves in abnormal growths such as swellings, etc., whence 
Voechting concludes that the polarity which he had found to 
exist in organs is also characteristic of the individual cells 
making up any organ. 

Entire organs may be grafted on the various parts of a plant. 
Boots may planted on stems and even on leaves, and the 
latter, though they have a limited growth, will form connection 
when graft^ on stems or roots. Some of the most interesting 
experiments made were the grafting of a branch of the inflores- 
cence, i.a, of the second year’s growrth, of the beet on the root 
of the first year. In this case no flowers were produced, as 
should have been the case in biennials^ but the buds developed 



PHTSIOLOQY OP PLANtS. 


499 


into flattened leafy rosettes resembling the tops of the first year, 
and behaving as such. When young stems of the first yetfr, on 
the other hand, were grafted on old second year’s roots, ‘they 
elongated and behaved like second year’s shoots. Hence ho 
concludes that in biennials the root draws upon the assimilating 
organs during the first year, but that in the second year the in- 
verse current is set up, and the food substances are passed upwards. 
{Transplantation am Pflanzenkoerper^ Tubingen, 1892.) 

Fr. Hildebrand finds that in cuttings, as well as in seedlings, a 
more primitive form of the loaf will be formed than in the adult 
plant. Also, when cut back very vigorously. Acacia cornigera 
and A. nielanoxylon form a profusion of new shoots exhibiting a 
more primitive type of leaf, characteristic of the seedling ami 
cutting. {Bot Zeit,^ LI.) . 

£. Heinricher discusses some cultivation experiments made 
with specimens of Iris pallida in which two whorls of stamens were 
developed, a condition which has been acknowledged to be a case 
of reversion. He finds that the percentage of such flowers on 
one plant varies considerably from year to year, but does not vary 
in accordance with any ascertained external condition, as different 
plants vary considerably when grown under the samj conditions. 
In the offspring this tendency has been handed down to a third 
generation, and then reversions occur with increasing frequency. 
{Jahrg.f wise, Bot,^ xxiv, 52.) ‘ 

Nutrition. 

T. SaoliB gives an account of the felted mass of root hairs forme 1 
in plants cultivated in pots, a phenomenon he ascribes to the 
cramping to which the root system is subjected. The root hairs are 
thus produced in those parts of the soil in which least food material 
is found, while the centre of the pot is almost untouched by theurt 
The only I'emedy for this unprofitable state of growth has been 
the temporary expedient of repotting into larger pots. The growth 
of seedlings in large pots, however, is neither economical ncr 
advantageous, and the author gives an account of a very simple 
method employed by himself with signal success. The inner wall 
of the pot he coats with food-substances, which are gradually 
absorbed by the plant. He finds gypsum is a convenient 
substratum for soaking with a nutritve solution, as ft bedOm^ 
slowly disintegrated and broken up by the rootlets.' (/’/orrti 
1. 171.) , . - ■ . 

Th. Bokomy shows how the character of a cell of Spirogyia is 
changed by differences of nutrition. Cells grown' in solutions 
containing potassium phosphate' grow twice as long as t&ose 
which are devoid of phosphate^ while the absence of potassium 
0 6 2 
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prevents assimilation and causes the ehromatophore to form a 
loose spiral .(£ltol Oen(palM.^fxii. S21.) 

Staiige.x^The author's observations prove that within certain ' 
limits the osmotic activity of the cells increases with the concen- 
tration fof the substratum. As long as the cells still live the pres- 
sure within the cell will ^exceed the pressure of the surrounding 
fluids and the balance of pressure in favour of the cell may amount 
to 13*6 atmospheres^ even to 20 atmospheres in the roots of the 
bean, while the normal pressure is 5. But in young growing cells 
the delicate cell walls are not so resistant, and will often be 
ruptured. With increasing concentration a diminution both of the 
rate of growth and of the actual increment of growth takes place, 

It diminution which is more pronounced in the root than in the 
stem. Hence DeVries’ statement that increase of turgidity and 
increase in length go hand in hand is not of universal application. 
But increase in thickness is not governed by the same laws. Two 
to four per cent, solutions of glycerine cause a diminution in length 
but a considerable growth in thickness. Hence the protoplasm of 
the primary meristem would seem to behave differently from 
that of the cambial cells under apparently the same conditions 
of pressure. The chemical stimulus on the protoplasm, however, 
may be different owing to the absence of starch and glycose, 
which are usually not formed when plants are growing in strong 
saline solutions. This absence may be due to the formation of 
other organic substances, such as organic acids, which would greatly 
increase tbe turgidity of the cella Consequently not only the 
taking up of salts, but the change in the assimilation, may increase 
the turgidity of the cells. 

From these experiments we may conclude that Phanerogams 
can adapt themselves to considerable concentrations of the 
substratum. In the absence of light, or when assimilation is 
stopped by other means, no increase in turgidity takes place in the 
cells. This may be due either to the great increase of length in 
darkness, or to the fact that no osmotically attractive substances 
are formed, or, lastly, to the lessened absorption of salts by the 
Foots, (Bot. Zeit. Jahrg,^ 1. 253.) 

A Richter made somewhat similar experiments with freshwater 
and found that by gradual concentrations many could be 
accustomed to solutions of common salt. The lower forms lent 
themselves most readily to these experiments, but even with Spiro- 
gyra, Yaucheria, and Cbara he was successful. In Rhapsidium 
and Anabaina an alteration in the shape of the Algae was noticed, 
vll'3 Tetiiwpora changed its mode of division. (Flora^ L 4.) 

O, Xaoow scows that ueutral oxalates and oxalic acid are not 
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only poisonous to Phanerogams, but also to Algse. This effect is 
probably produced by the oxalates abstracting calcium from the 
cells to form calcium oxalate, and thus removing a substance 
which, according to Loew, enters largely into the constitution of 
the chlorophyll bodies and the nucleus. This he concludes must 
be the mode of action, as magnesium salts also act poisonously in 
vegetative cells in the absence of calcium salts. In that case 
magnesium is probably replaced by calcium drawn from chemical 
combinations in the nucleus and in the chlorophyll bodies. If, 
however, calcium salts are present, they supply the calcium, and 
the nucleus and plastids remain unaltered. (Flora^ 1. 368.) 

C. Wehmer — From the analysis of the ashes, the author proves 
that there is no decrease of potassium nor of phosphates in the 
leaf during the summer, and very little during the autumn ; and 
he comes to the conclusion that there is no evidence of a back- 
ward flow of these substances into the stem previous to the fall of 
leaves. {Ber, rf. deiifsch, hot Ges,^ x. 153.) 

W. Palladin. — The author finds that etiolated leaves contain 
less mineral salts than green leaves, and concludes that growth in 
darkness causes a diminished absorption of mineral salts, especially 
calcium carbonate. This is due to a lack of transpiration, for a 
similar state of things occurs in plants grown in an atmosphere 
saturated with water-vapour. (Ber, d, deutsch, hot. Ges,^ x. 179.) 

Respiration and assimilation. 

H. Jumelle states that both respiration and assimilation increase 
with the increase of water in a previously dry specimen, up to a 
certain point, when these processes stop altogether. Lichens can 
resist very high temperatures. Respiration remains normal after 
three days at 45'’ C., fifteen hours at SO*’, five hours at 60®. 
Assimilation, however, is stopped, owing to the death of the 
algal constituent of the lichen. Respiration will continue at as 
low a temperature as — 10'’, while assimilation goes on at — 40*’. 
This is also the limit for assimilation in some conifers. {Rev. gin. 
de bot^ iv. 49.) 

W. Detmer. — According to Clausen, the optimum temperature 
for normal respiration is 40*’ C., while the optimum temperature 
for fermentation lies between 25° and 30°. Hence Detmer 
concluded that in higher plants the optimum for intramolecular 
respiration might be lower than 40°. This, however, is not the 
case. The optimum temperature for normal respiration coincides 
tvith that for intramolecular respiration. {Ber. d. deutech. hoU Gee.^ 

X; 201.) . . • , • 

E. Bohunk and G. Brebner, from experiments^ om the^i|^tion of 
aniline on green leaves and other parts of plants, come to the 
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conclusion that the cells of many plants, especially of the leaves, 
contain some form of active oxygen associated with the proto-' 
plasm during the living state of the cell. This oxygen is a 
more active form than that in ordinary air, or else there is 
present some oxygen-carrier which is at the same time an oxygen- 
intensifier, thus bringing about the necessary physiological 
respiration, (dwn. Bot^ vi, 167.) 

Irritability. 

“ C.' Correns finds that plants differ very much with regard to the 
amount of oxygen which is necessary to keep up the irritability 
of their cells. Drosera will respond to stimuli in the presence of 
the smallest possible tmce of oxygen. He discusses the question 
whether the non-performance of movements is due to loss of 
perception or the inability to respond. Generally speaking, the 
perceptive faculty is, he finds, more quickly affected by the absence 
of oxygen than the responsive power. {Flora^ 1. 87.) 

Symbiosis. 

B. Frank points out that the cortical layers of root-tubercles of 
the leguminosae, though surrounded by cork layers, resemble the 
lenticel tissue, the cork cells being split apart and allowing 
free access to the air. {Ber, d. deuUch, hot. x. 6.) 

In a further paper on the roots of the bean, the author 
distinguishes two different types of root tubercles. The first to 
make their appearance are small round tubercles, the later ones 
are larger digitate or coral-like structures. The former contain 
bacteroids and stored-up albuminous substances, the latter contain, 
with the bacteroids, refringent granules of tliat variety of starch 
which stains red with iodine (amylo-dextrin). This starch, 
contained within a fungal cell, Frank looks upon, not as a con- 
structive product of the fungus, but as a destructive product, due 
to the action of the host plant on the symbiotic fungus. {Ber. d. 
detdach. hot, ffea, x. 170.) 

H. Modller contradicts Frank’s statements, and states that no 
real dimorphism of tubercles exists. The older tubercles become 
curiously enlarged and distorted, showing a fatty degeneration, 
and do not contain starch, but a substance staining brown with 
iodine, and probably of the nature of cholestrin. {Ber, d. deutach. 
hot Gea.^ X. 643). 

Ot SoBsowitsch, after careful experimental cultures, comes to 
the conclusion that leguminous plants do not take up the nitrogen 
of the atmosphere through the leaves, but solely through their 
toots^ {Bot Zeit.j L 697.) 
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Mohicans. The Last Days of Pompeii. The Yellowplush Papers. The Last Days of 
Palmyra. Jack Hinton the G-oardsman. Seleotious from the Works of Thomas 
Hood. Amerioan Humour. Tower of London. 

Kennel Guide, Practical. By Dr. Gordon Stables. Illustrated. Cheap Edition, is. 
"La Bella,” and Othera By Egerton Castle. Buckram, 6s. 

Ladies’ Physician, nia By a London Physician. 6s. 

Lady's Dressing Room, The. Translated from the French of Baroness Staffe 
by Lady Colin Campbell. 3s. 6d. 

Lake Dwellings of Europe. By Robert Munro, M.D., M.A. Cloth, 31s. 6d. 
Law, How to Avoid. By A. J. Williams, M.P. Cheap Edition, is. 

Legends for LioneL With Coloured Plates by Walter Crane. 5a 
Leona. By Mrs. Molesworth. 6s. 

Letts's Diules and other Time-saving PuhlicationB are now published exclu- 
sively by Cassell & Company. {A List sent post free on application.') 

Life In Onr Villagea Paper, is. ; cloth boards, 2s. 

Little Minister, The. By J. M. Barrie. Cheap Edition, 6a 
Local Option in Norway. By Thomas M. Wilson, C.E. is. 

Locomotive Engine, The Biography of a. By Henry Frith. 5a 
Loftus, Lord Augustus, P.C., G.C.B., The Diplomatic Reminiscences of ( 1887 — 
1862 ). With Portrait, Two Vols, Demy 8vo, 32s. 

London, Greater. By Edward Walford. Two Vola With about 400 
Illustrations, gs. each. Library Edition, Two Vols. the set. 

London, Old and New. By Walter Thornbury and Edward Walford. 
Six Vols., with about i,aoo Illustrations. Cloth, 95. each. Librarf Edition, 

London Street Araha By Mrs. H. M. Stanley (Dorothy Tennant). 

With Pictures printed on a Tint. ss. 

Medical Handbook of Life Assurance. By James Edward Pollock, M.D., 
F.R.C.P., and James Chisholm, Fellow of the Institute of Actuaries, London. 7a 6d. 
Medicine Lady, The. By L. T. Meade. Three Vols. 31a 6d. 

Medicine, for Students ot {A List forwarded post free on applicatiom,) 

Modem Europe, A History ot By C. A. Fyffe, M. A. Complete in Three Vola, 

with full-page Illustrations. 7s. 6d. each. ^ ^ 

Mount DesolatTon. An Australian Romance. By W. Carlton Da we. 53. 
Musical and Dramatio Oopsnlght, The Law ot By Edward Cutler, 

Thomas Eustace Smith, and Frederic E. W^THBRLY. 3^6d. ^ ^ ^ ^ 

MuMCj Illustrated History of. By Emil Na^ann. EAted hf the Rea 

fSEl 
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Napier, The Life and Letters of the Et. Hon. Sir Joseph, Bart., LL.D., D.C.L., 
M.B.I<A« By Albx. C. Ewald, F.S.A. Nrw and Revised Edition, 71. 6d. 
National Library, Cassell'a In Volumes. Paper covers, 3d. ; cloth, 6d. 
(A Compute List of the Volumes post free on application^ 

Natural Eisto^, Gass^*s Condsa By £. Perceval Wright, M.A., M.D., 

F.L.S. With several Hundred Illustrations. 7s. 6d. ; also kept half-bound. 

Natural History, Cassell’s New. Edited by P. Martin Duncan, M. a , F. R. S. , 

F.G.S. Complete in Six Vols. ‘V^th about 3,000 Illustrations. Cloth, qs. each. 
Nature’s Wonder Workers. By Kate R. Lovell. Illustrated. 5s. 

Naval War, The Last Great. By A. Nelson Seaforth. With Maps. 2s. 
Nblson, The Life ot By Robert Southey. Illustrated with Eight Plates. 3s. 6d. 
Nursins: for the Home and for the Hospital, A Handbook of. By Cathe- 
rine T. Wood. Cheap Edition^ is. 6 d. ; cloth, ss. 

Nursing of Sick Children, A Handbook for the. By Catherine J. Wood. 2s. 6d. 
O’DriscoU’s Weird, and Other Stories. By A. Werner. Cloth, 5s. 

Odyssey, The Modem. By Wyndham F. Tufnell. Illustrated. los. 6d. 
Ohio, The New. A Story of East and West. By Edward Everett Hale. 6s. 
Our Own Country. Six Vols. With 1,200 Illustrations. Cloth, 7s. 6d. each. 
Out of the Jaws of Death. By Frank Barrett. Three Vols. 31s. 6d. 
Paddles and Politics down the Danube. By Poultney Bigelow. With 

Illustrations by the Author. 3s. 6d. 

Painting, The English School of. By Ernest Chesneau. cheap Edition, 3s. 6d. 
Paxton’s Flower Garden. With 100 Coloured Plates. {Price on application,) 
People I’ve Smiled With. By Marshall P. Wilder. 2s. 

Peoples of the World, Tha By Dr. Robert Brown. Complete in Six Volumes. 
With Illustrations. 7s. 6d. each. 

Perfect Gentleman, The. By the Rev. A. Smythe-Palmer, D.D. 3s. 6d. 
Phillips, Watts. Artist and Playwright By Miss E. Watts Phillips. With 
32 Plates. Tos. 6d. 

Phot(i:raphy for Amateurs. By T. C. Hepworth. Enlarged and Revised 
Edition, Illustrated, xs. ; or cloth, xs. 6d. 

Phrase and Fable, Dictionary o£ By the Rev. Dr. Brewer. Cheap Edition, 

Enlarged, cloth, 3s. 6d. ; or with leather back, 4s. 6d. 

Physiology for Students, Elementary. By A. T. Schofield, M.D., 

M.R.C.S., &c. Illustrated. 7s. 6d. 

Picturesque America. Complete in Four Vols., with 48 Exquisite Steel Plates, 
and about 800 Original Wood Enmvings. as. each. 

Picturesque Australasia, Cassell s. With upwards of 1,000 Illustrations. Com- 
plete in Four Vols. 7s. 6d. each. 

Picturesque Canada. With about 600 Original Illustrations. Two Vols. 
6s. the set. 

Picturesque Europa Complete in Five Vols. Each containing 13 Exquisite Steel 
Plates, from Original Drawings, and nearly 300 Original Illustrations. ;^3x ; half- 
morocco, ;^3x xos. ; morocco gilt, ;^53ios. Popular Edition, In Five Vols. 18s. each. 
Picturesque Mediterranean, The. With a Series of Magnificent Illustrations 
from Original Designs by leading Artists of the day. Two Vols. Cloth, ;£3 2S. each. 
Pigeon Keeper, The Practical By Lewis Wright. Illustrated. 3s. 6d. 
Pigeons, The Book of By Robert Fulton, ^ted by Lewis Wright. With 

50 Coloured Plates and numerous Wood Engravings. 3XS. 6d. ; half-morocco, ;£3 ss. 

Pity of Death, The Book of By Pierre Loti, Member of the French 

Academy. Translated by T. P. O’Connor, M.P. Antique paper, cloth gilt, ss. 

Playthings and Parodies. Short Stories by Barry Pain. 5s. 

Poems, Aubrey de Vere’s. A Selection. Edited by John Dennis. 3s. 6d. 
Poetry, The Nature and Elements of By E. C. Stbdman. 6s. 

Poets, Cassell’s Miniature Library of the. Price is. each Vol. 

Political Questions of the Day, A Manual of By Sydney Buxton, M.P. 

New and Enlarged Edition, Paper Covers, xs.; or cloth, xs. 6d. 

Polytechnic Series, The. Practical Illustrated Manuals specially prepared for 
Students of the Polytechnic Institute, and suitable for the Use of all Students. {A 
List will be sent on application.) 

Portrait Gallery, The Cabinet. First, Second, and Third Series, each con- 
taining 36 CaHnet Photographs of Eminent Men and Women of the day. With 
Biographical Sketches, x 5s. each. 

Poultry Aeepii^ The Practical. By Lewis Wright. Illustrated. 38. 6d. 
Poultry, The Book of By Lewis Wright. Popular Edition, Illustrated, xos. A}. 



Selections from Ccusell <fc Compands Publications, 


Poultry, Tlie mustrated Book of. By Lewis Weight. With Fifty Exquisito 
Coloured Plates, and numerous Wood Engravings. Revised Edition. Cloth, 3x1. 6d. 
Public Libraries, Free. New and Enlarged Edition, By Thomas Green* 
vrooD, Author of ** Museums and Art Galleries.” Illustrated, as. 6d. 

Queen Summer ; or. The Tourney of the lily and the Bose. Penned and 

Portrayed by Walter Crane. With 40 pages in Colours. 6s. 

Queen Victoria, The life and Times ot By Robert Wilson. Complete in 

2 Vols. With numerous Illustrations. 9s. each. 

Babbit-Keeper, The Practical By Cuniculus. Illustrated. 3s. 6d. 

Baffles Haw, The Doings of. By A. Conan Doyle, Author of “ Micah 

Clarke,” &c. Antique paper, cloth gilt, 5s. 

Bailway Guides, Offldal Illustrated. With Illustrations on nearly every page. 

Maps, &c. Paper covers, xs. ; cloth, as. 

Great Eastern Bailway. I London and Kortli Western Bailway. 

Great Kortliem Bailway. London and South W astern BaUway. 

Great Western Bailway. Midland Bailway. 

London, Brighton, and Bonth Coast Bailway. I South Bastem Bailway. 

Ballway Library, Cassell’a Crown 8vo, boards, as. each. 

Metserott, Shoemaker. By Katharine P. The Phantom City. By W. WestaU. 

Woods. Jack Ghordon, Xn^ht Errant. By W. C 

David Todd. By David Maclure. Hudson (Barclay North). 

The Aatoniahlng History of Troy Towxl The Diamond Button : Whose Waa ItP 

By Q. By W. C. Hudaon (^day North). 

The Admirable Lady Biddy Pane. By Another’s Crime. Byjulian Hawthorne. 

Frank Barrett. The Yoke of the Thorsh. By Sidney 

Commodore Jnnk. By G. Manville Fenn. Ltuln. 

Bt. Cuthbert’a Tower. By Florence War- Who is John KomanP By CHen^ Beckett 

den. The Tragedy of Brinkwater. By Martha 

The Man with a Thumb. By W. C. Hud- L. Moodey. 

son (Barclay North). An American Penman. By JuUan Haw- 

By Bight Not Law. By R. Sherard. thorne. 

Within Sound of the Weir. By Thomas Section 558 ; or. The Fatal Letter. By 

St E. Hake. Julian Hawthorne. 

Under a Strange Maak. By Frank Barrett The Brown Stone Boy. By W. H. Bishop. 

TheCoombaberrowMystery. ByJ.CclwaU. A Tragio M^tory. By Julian Hawthorne 

Dead Man’s Book. By Q. The west Bank Bobbery. By Julian 

A Queer Baoe. By W. WestaU. Hawthorne. 

Captain Trafalgar. By WestaU and Laurie. 

Redgxuye, Blcbard, C.B., B.A. Memoir. By F. M. Redgrave, ios. 6d. 
Biobaid, Henry, HP. A Biography. By Charles Miall. With Portrait. 7s. 6d. 
BiTers of Great Britain : Descriptive, Historical, Pictorial. 

The Boyai Biver: The Thames from Source to Sea. Popular Edition, x6s. 

Blvere of the East Coast. With highly Unished Engravings. Poputar Edition, z6s. 

Bobineon Crusoe. CasselVs New Fine- Art Edition, With upwards of 100 
Original Illu.strations. 7s. 6d. 

Bomanoe, The World oL With New and Original Illustrations. Complete in 

One Volume, cloth, 9s. 

Bonner, Henriette, The Painter of Cat Life and Cat Character. Containing 
a Series of beautiful Phototype Illustrations. The Text by M. H. Spielmann. 
Popular Edition^ 4to, las. 

Bnsso-Turkish War, Cassell's History ot With about 500 Illustrations. Two 

Vols., each ; library binding. One Vol., 15s, 

Salisbury Parliament, A Diaxy of the. By H. W. Lucy. Illustrated by 

Harry Furniss. Cloth, axs. 

Sanitary Institutions, un giinh- By Sir John Simon, K.C.B., F.R.S. x8s. 
Saturday Journal, CasseU*a Illustrated throughout. Yearly Volume, 7s. 6d. 
Seienoe for AIL Edited by Dr. Robert Brown, M.A., F.L.S., &c. Revised 
Edition. With 1,500 Illustrations. Five Vols. 9s. each. 

Seienoe, Year Book of, The, for 1892 . Edited by Rev. Prof. Bonney. 7s. 6d. 
Sea, The: Its Stirring Story of Adventure, FerU, and HerolsnL By 

F. Whymper. With 400 Illustrations. Four Vols. 7s. 6d. each. 

Secret of the Lamas, Tha A Tale of Thibet. Crown 8vo, 5s. 

Sent Back hy the Angels. By F. Langbridge, M.A. is. 

Shaftesbury, The Seventh Earl ot K.G., The Life and Work of. By Edwin 

Hooder. Illustrated. Cheap Edition^ 3s. 6d. 

Shakespeare, Cassell’s Quarto Edition. Edited by Charles and Mary Cowdek 

Clarke and containing about 600 Illustrations ^ H. C Selous. Complete in 
Three Vols., cloth gilt, A3 3s.— Also published in Thxee separate Volumes, in cloth, 
vis. :->The Comedies, axs. ; The Historical Plays, x8s. 6dL ; The Tragbdibs» ss*. 
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Shakespeare^ BUnlatiire. Illustrate. In Twelve Vols., in box, 12s. ; or in 

Re Paste Grain (box to match), with spring catch, lettered in gold, 21s. 
Shakesi^are, The Pla3rB ot Edited by Prof. Henry Morley. Complete in 
Thirteen Vols. Cloth, in box, axs. ; half-morocco, cloth sides, 42s. 

Shakespeare, The England ol By E. Goadby. Illustrated. New Edition, 2s. 6d. 
Shakspere, The International. Edition de luxe, 

** King Henry VIII.’* By Sir James Linton, P. R.I. (Price on applicatioi^^, 
Othello.’* Illustrate by Frank Dicksee, R.A. xos. 

** King Henry IV.” Illustrate by Herr Eduard GrOtzner. 10s. 

**As You Like It.” Illustrated by the late Mons. Emile Bayard. xos. 

** Romeo and Juliet.** Illustrated by Frank Dicksee, R.A. Is now out of print. 
Shakspere, The Leopold. With 400 Illustrations, and an Introduction by F. J. 

Furnivall. Cheap Edition^ 3s. 6d. Cloth gilt, gilt edges, 5s. ; roxburgh, 7s. 6d. 
Shakspere, The Royal With Exquisite Steel Plates and Wood Engravings. 
Three Vols. iss. each. 

Sketches, The Art of Making and Using:. From the French of G. 

Fraipont. By Clara Bell. With Fifty Illustrations. 2s. 6d. 

Smaggling: Days and Smuggling Ways ; or, The Story of a Lost Art By 

Commander the Hon. Henry N. Shore, R.N. Illustrated. Cloth, 7s. 6d. 

Snare of the Fowler, The. By Mrs. “Alexander.” Three Vols. 31s. 6d. 
Social Welfare, Subjects of. By the Rt Hon. Sir Lyon Playfair, M.P. 7s. 6d. 
Sports and Pastimes, CasseU's Complete Book ol With more than 900 

Illustrations. Cheap Edition^ 3s. 6d. 

Standard Library, Cassell’s. Stiff covers, is. each ; cloth, 2s. each. 

Bnirley. 1 Adventure of Mr. Ledbury. 

Conlnnby. Ivaxihoe. 

Mary Barton. Oliver Twist. 

The Antiquary. I SeleotloxiB from Hood s 

Kioholas NTldiaeby. Two Works. , 

Vols. Loni^ellow's Prose Works. 

Jane Eyre. Sense and Sensibility. 

Wuthering Heights. Lytton's Plays. 

The Praiiie. Tales, Poems, and Sketches 

Dombey and Son. Two Voh. (Bret Harte). ^ 

Might and Morning. The Prince of the House of 

Kenilworth. David. 

The Ingoldsby Legends. Sheridan's Playm. 

Tower of LondoxL Uncle Tom's Cabin. 

The Pioneers. Deerslayer. 

Charles O'Malley. Eugene Aram. 

Bamaby Budge. Jack Hintoxi, the Guards- 

Cakes and Ale. man. 

The King's Own. Borne and the Early Ohris- 

People Ihave Met. tians. 

The Pathfinder. The Trials of Margaret 

Evelina. Lyndsay. 

Scott's Poems. Edgw Allan Poe. Prose and 

LfUit of the Barons. Poetry, Selections from. 


jiLori*aui>y. 

The Hour and the Man. 
Washington Irving** SkeWh 
Boo£ 

Last Dura of Palmyra. 

Tales of the Borden. 

Pride and Pxejudioe. 

Last of the Mohioana. 

Heart of TWrtA1r>f.Vi<a.'n. 

Last Days of PompeiU 
Yellowplush Papers. 

Handy Andy. 

Selected Plays. 

Amerioan Htunour. 

Sketches by Bos. 

Maoaulay's Lays and Saieo* 
ted Essays. 

Har^ Lorrequer. 

Old (Turiosity Shop. 

BienxL 

The Talisman. 

Piokwiok. Two Vols, 

Scarlet Xietter. 

Martin Chusslewlt. Two Vols. 


Star-Land. By Sir Robert Sta well Ball, LL.D., &c. IllustratecL 6s. 
Storehouae of General Information, Caasell’s. Fully Illustrated with High- 
Class Wood Engravings, and with Maps and Coloured Plates. In Vols. 5s. each. 
Story of PTancis dudde. The. A Novel By Stanley J. Weyman. Cheap 
Edition, 6s. 

SucoeBaful Life, The. By An Elder Brother. 3s. 6d. 

Sybil Knoz ; or. Home Again. A Story of To-day. By Edward £. Hale, 

Author of ** East and West,*’ &c. Chee^ Edition, 6s. 

Teaching in Three Continents. Personal Notes on the Educational Systems of 

the World. By W. C. Grasby. 6s. 

Thacdieray, Character Sketches from. Six New and Original Drawings by 

Frederick Barnard, reproduced in Photogravure, axs. 


The Pbort Story Library. 

Noughts and Orosaea. By Q. s** 

0 ^ 1 ^ ^ight, Om, By OCT^B THANBT. 58. 

Pourteen 10 ome, Sto. By Elizabeth Stuart Phelps. «■. 
Bleven Poaaible Oaaea. ^ varioiu Authors, st. 

A Slnger'a Wife. By Miss Fanny Murpree. 

Thel^t's Audienoe, and Delilah. By Clara SAVILB CLARKE. 


^'TTeasnre Tain-nd ” Serlea, The. Cheap Illustrated Edition, Cloth, 38. 6d. each. 

King Solomon*a Minea. By H. Rider Hach-ard. 

Kidnapped. By Robert Louis Stevenson. 

Treea&e laland. ^ Robert Louis Stevenson. 

The Splendid Spur. By Q. 

The Meter of Ballaatrae. By Robert T.ouis Stevenson. 

The Blank Arrows A Tale of the Two Boaea. By Robert Louis STSvaNSON. 
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Troatment, The Teax-Book of, for 1893 . A Critical Review for Practitioners d 
Medicine and Surgery. Ninth Year of Issue. Greatly Enlarged. 500 pages. 7s. 6d. 
Tree Fainting: in Water Colours. By W. H. J. Boot. " With Eighteen 
Coloured Plates, and valuable instructions by the Artist. 5s. 

Trees, Familiar. By Prof. G. S. Boulger, F.L.S., F.G.S. Two Series. . With 

Forty full-page Coloured Plates by W. H. J. Boot. 12s. 6d. each. 

** Unicode'*: The Universal Telegraphic Phrase Book. Pocket or Desk 

Edition. 2s. 6d. each. 

United States, Cassell's History of the. By Edmund Ollier. With 600 Dhis* 

trations. Three Vols. gs. each. 

Universal History, Cassell's Illustrated. With nearly One Thousand 
Illustrations. VoI. I. Early and Greek History.— Vol. II. The Roman Periods 
Vol. HI. The Middle Ages. — ^Vol. IV. Modem History. 9s. each. 

Vaccination Vindicated. By John C. McVail, M.D., D.P.H. Camb. ss, 
Vernon Heath’s BecoUectiona Large crown 8vo, cloth gilt, los. 6d- 
Verses Grave and Gay. By Ellen Thorneycroft Fowler. 3s. 6d. 

Vicar of Wakelleld and other Works, by Oliver Goldsmith. Illustrated 

3s. 6d. ; cloth, gilt edges, 5s. 

Vision of Saints, A. By Lewis Morris. Edition de luxe. With 20 Fall-page 
Illustrations. Crown 4to, extra cloth, gilt edges. 21s. 

Water-Colour Painting, A Course o£ With Twenty-four Coloured Plates by 

R. P. Lbitch, and full Instructions to the Pupil, ss. 

Waterloo Letters. Edited by Major-General H. T. Siborne, Late Colonel 
R.E. With Numerous Maps and Plans of the Battlefield. 21s. 

Wedlock, Lawful: or, How Shall I Make Sure of a Legal Marriage. By 

Two Barristers. 2s. 

Wild Birds, Familiar. By W. Swaysland. Four Series. With 40 Coloured 

Plates in each. X2S. 6d. each. 

Wild Flowers, Familiar. By F. E. Hulme, F.L.S., F.S.A. Five Series. Wth 

40 Coloured Plates in each. 12s. 6d. each. 

Wood, The Life of the Rev. J. G. By his Son, the Rev. Theodore Wood. 

With Portrait. Extra crown 8vo, cloth. Cheap Edition, ss. 

Work. An Illustrated Journal of Practice and Theory for all Workmen, Pro- 

fessional and Amateur. Yearly Volume, cloth, 7s. 6d. 

World of Wit and Humour, The. With 400 Illustrations. Cloth, 7s. 6d. 

World of Wonders, The. With 400 Illustrations. Two Vols. 7s. 6d. each. 
Wrecker, The. By R. L. Stevenson and Lloyd Osbourne. Illustrated. 6s. 
Yule Tide. Cassell's Christmas Annual, is. 


ILLUSTRATED MAGAZINES. 

The iiUfiveVj for Sumlny and General Reading, Monthly, 6d. 

CasselVs Family Magazine. Monthly, yd. 

“ Little Folks Magazine. Monthly, 6d. 

The Magazine of Art. Monthly, is. 

Chums. The New Illustrated Paper for Boys. Weekly, xd.; Monthly, 6d. 
CasselVs Saturday Journal. Weekly, id. ; Monthly, 6d. 
Work. An Illustrated Journal of Practice and Theory for all Wodt- 
men. Professional and Amateur. Weekly, id. ; Monthly, 6A ^ „ 

Cottage Gardening. Edited by W. Robinson, F.L.S. Fulty 

Illustrated. Weekly, ^d. ; Monthly, 3d. 

V Full particulars of CASSELL & COMPANVS Monl^ 

willbe found in Cassel l & Company s COMPLETE CATALOGUE. 

Catalogues of Cassell & Company’s Publications, which may be had at all 

Booksellers', or wUl be sent post free on appUcation to the Publish^:— , . _ 

Cassell’s Complete Catalogue, contammg paruculars of upwards of One 
Thousand Volumes. j .. 

Cassell’s Classified Catalogue, in which their Works are arranged acootaag 
to Threepence to Fifty Guineas. _ a 

Cass^l’s Educational Catalogue, contmmng particulars of Cassbu. & 
Company’s Educational Works and Students Manuals. 

CASSELL & COMPANY, Limited, LudgtUe Hillt London . 
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Blbla» Cassell’B lUuBtrated Family. With 900 Illustrations. Leather, gilt 

edges, los. ; full morocco, £3 10s. 

Btttle Educator, The. Edited by E. H. Plumptrb, D.D. With Illustrations, 

Maps, &c. Four Vols., cloth, 6x. each. 

BlUIe Student in the Brltiah MuBeui^ Tha By the Rev. J. G. Kitchin, 

M.A. Entirely Neiu and Revised Edition^ xs. 4d. 

Blhlewomen and Nurses. Yearly Volume, 3s. 

Eunyan'B Pilgrim’s Progress, and the Boly War, CasseU’s Blustrated 
Edition of. With 300 Original Illustrations. Demy 4to, cloth, x6s. 

Bimyan's Pilgrim’s Progress (Oassell’s niUBtrated). 4to. Cheap Edition, 

Banyan’s Pilgrim’s Progresa With Illustrations. Cheap Edition, as. 6d. 

GhlLd’s Bible, The. With 200 Illustrations. Demy 4to, 830 pp. i^oth Thousand* 

Cheap Edition, 7s. 6d. Superior Edition, with 6 Colourea Plates, gilt edges, los. dd. 

Child’s Life Of Christ, The. Complete in One Handsome Volume, with about 
soo Original Illustrations. Cheap Edition, cloth, 7s. 6d. ; or with 6 Coloured Plates, 
cloth, gilt edges, los. 6d. Demy 4to, gilt edges, axs. 

••Come, ye Children.” By the Rev. Benjamin Waugh. Illustrated. 5s. 

Commentary, The New Testament, for English Readera Edited by the 
Rt. Rev. C. J. Ellicott, D.D., Lord Bishop of Gloucester and BristoL In Three 
Volumes, sis. each. 

VoL 1 .— The Four OoepeU. 

Vol. II.— The Acts, Bomana, OorinthiaaiB, GkUatians. 

Vol. HI.— The remaining Books of the New Testament. 

Commentary, The Old Testament, for English Readera Edited the Rt 
Rev. C. J. Ellicott, D.D., Lord Bishop of Gloucester and BristoL (Complete in 
5 Vols. 3 IS. each. 

Vot I. — Gtenesis to Numbers. I Vol. III.— Kings I. to Bsiher. 

Vol. II.— Deuteronomy to Samuel IL i Vol. IV. — Job to Isaiah. 

Vol. V.— Jeremiah to MalaoM. 


Commentary, The New Testament. Edited by Bishop Ellicott. Handy 
Volume Edition. Suitable for School and general use. 


BL Katthew. 3s. 6d. 

St. Mark. 3s- ^ 

St. Luke. 3s. 6d. 

St John. 3s. 6d. 

The Aots of the AposUes. 
3L6d. 


Titus, Philemon, Hebrews, 


Bomans. as. 6d. 

Oorlnthians I. and II. 3s. 

G-alattans, Sphesians, and Pete^ Jude, and wj 
P hilippians. 3s. The Bevelaiion. 3s. 

Oolossians, Thessalonians, An Introduotion to the New 
and Timothy. 3s. Testament, ss. 6d. 


„ and James. 3s. 

and ^te^ Jude, ana John. 3$. 


Commentary, The Old Testament Edited by Bishop Ellicott. Handy Volume 
Edition. Suitable for School and general use. 

OeneslB. 3s. 6d. | Levitlous. 3s. I Deuteronomy. 2s. 6d 

Xxodus. 3s. I Numbers, as. 6d. ( 

Dictionary of Religion, The. An Encyclopaedia of Christian and other 
Religious Doctrines, Denominations, Sects, Heresies, Ecclesiastical Terms, History, 
Biography, &c. &c. By the Rev, William Benham, B.D. Cheap Edition. los. 6dL 

Board Bible. With 230 Illustrations by Gustave Dor£. Original Edition, 
Two Vols., best morocco, gilt edges, A15. Popular Edition. With Full -pace Illus- 
trations. In One Vol. 158. Also in leather binding. {Price on application^ 

Early Dajrs of Christianity, The. By the Ven. Archdeacon Farrar, D.D., F. R.S. 

Library Edition. Two Vols., 34s. ; morocco, £2 ss. , . 

, Popular Edition. Complete in One Volume, cloth, ds. ; cloth, gilt edges, 
7s. ; Persian morocco, los. 6d. ; tree-calf, 15s. 

Family Prayer-Book, The. Edited by the Rev. Canon Garrett, M.A., and 
the Rev. S. Martin. Extra crown 410, cloth, 5s. ; morocco, x8s. 

CDeanings after Harvest. Studies and Sketches. By the Rev. John R. Vernon, 
M.A. Illustrated. 6s. 

Gospel of Grace, The. By a Ltndesib. Cloth, 2s. 6d. 

**Graven in theRodk.” By the Rev. Dr. Samuel Kinns, F.R.A.S., &c. &c. 
Illustrated, zas. 6d. 




Selections Jrom Cassell <6 Compands Publications, 

** Heart Chords.** A Series of Works by Eminent Divines. Bound in cloth, red 

• edges, zs. each. 

My Father. By the Right Rer. Ashton Oxenden. My Soul. By the Rev. P. B. Power. M.A. 

late Bishop of Montreal My Ghrowth in Divine Ijife. By the Rer. 

My Bible. By the Rt. Rev. W. Boyd Carpenter. Prebendary Reynolds. M.A. 

Bishop of Kipon. My Hereafter. By the Very Rer. Dean Bicker* 

My W orR for Gk)d. By the Right Rev. Bishop steth. 

CotteriU. My WaUc with Qod. By the Very Rer. Den 

My Object in Iiife. By the Ven. Archdeacon Montgomery. 

Farrar. D.D. My Aide to &e Divine Iillb. By the Vesy 

My Aspirations. By the Rev. G. Matheson, D.D. Rev. Dean Boyle. 

My Bznotional Idfe. By Preb. Chadwick, D.D. My Sources of Strength. By the Rev. E. E. 
My Body. By the Rev. Prof. W. G. Blaikie, D.D. Jenkins, M.A. 

Helps to Beliefl A Series of Helpful Manuals on the Religious Difficulties of the 
Day. Edited by the Rev. Teignmouth Shore, M.A., Canon of Worcester, and 
Chaplain-in«Ordinary to the Queen. Cloth, is. each. 

Creation. By the late Dord Bishop of Oarlisle. The Morality of the Old Testamenf. 

Miracles. By the B«v. Brownlow Malt* the Bev, Newman Smyth, D JO. 

iAZXde IffeJLe » 

Prayer. 'By the Rev. T. Teignmouth Shore, The Divinity of Our Lord. By the Lord 
M.A. Bishop or Derry. 

The atonement. By William Connor Magee, D.D., Late Archbishop of York. 

Hid Treasure. By Richard Harris Hill. is. 

Holy Land and the Bible, The. A Book of Scripture Illustrations gathered 
in Palestine. By the Rev. Cunningham Geikib, D.D., LL.D. (Edin.). With Map. 
Two Vols. 24s. Illustrated Edition, One Vol. 21s. 

Mfe Of Christ, The. By the Ven. Archdeacon Farrar, D.D., F.R.S.,Chaplain- 
in-Ordinarv to the Queen. 

Cheap Illustrated Edition. Large 4to, cloth, 7s. 6d. Cloth, full gilt, gilt 
edges, los. 6d. 

Library Edition. Two Vols. Cloth, 24s. ; morocco, 42s. 

Popular Edition, in One Vol. 8vo, cloth, 6s.; cloth, gilt edges, 7s. 6d. ; Persian 
morocco, gilt edges, los. 6d. ; tree-calf, 15s. 

Marriage Ring, The. By William Landels, D.D. Boimd in white 
leatherette. New and Cheaper Edition, 3s. 6d. 

Morning and Evening Prayers for Workhouses and other InstitutloniL 

Selected by Louisa Twining, as. 

Moses and Geology; or, the Harmony of the Bible with Science. Bf 

the Rev. Samuel Kinns, Ph.D., F.R.A.S. Illustrated. Demy 8vo, 8s. 6d. 

My Comfort in Sorrow. By Hugh Macmillan, D.D., LL.D., &c., Author of 
** Bible Teachings in Nature," &c. Cloth, is. 

New Light on the Bible and the Holy Land. By B. T. A. Evetts. Illus- 
trated. Clo^ 21s. 

Protestantism, The History ot By the Rev. J. A. Wylie, LL.D. Containing 
upwards of 600 Original Illustrations. Three Vols., 27s. ; Library Edition^ 30s. 

“Quiver** Yearly Volume, Tha With about 600 Original Illustrations and 

Coloured Frontispiece. 7s, 6d. Also Monthly, 6d. 

St. George for England; and other Sermons preached to Children. Fifth 
Edition, By the Rev, T, Teignmouth Shore, M.A., Canon of Worcester. 5s. 

8t Paul, The Life and Work of. By the Ven. Archdeacon Farrar, D.D., 
F.R.S., Chaplain-in-Ordinary to the Queen. 

Library Edition. Two Vols., cloth, 24$. ; calf, 42s. 

Illustrated Edition, complete in One Volume, with about 300 Illustrations, 
fx IS. ; morocco, 2s. 

Popular Edition. One Volume, 8vo, cloth, 6s. ; cloth, gilt edges, 7s. 6d. ; 
Persian morocco, 10s. 6d. ; tree-calf, 15s. 

Shall We Kinow One Another in Heaven ? By the Rt. Rev. J. C. Ryle, D.D., 
Bishop of Liverpool. Nexv and Enlarged Edition. Paper Covers, 6d. 

Shortened Church Services and Hymns, suitable for use at Children’s Services. 
Compiled by the Rev. T. Teignmouth Shore, M.A, Canon of Worcester. 
Enlarged Edition, is. 

Slgna Christ! : Evidences of Christianity set forth in the Person and Work of 
Christ. By the Rev. James Aitchisoji* Ss* 

** Sunday:** Its Origin, Histopr, and Present Obligation. By the Ven. Arch- 
deacon Hessey, D.C.L. Fifth Edition^ 7s. 6d. 

Twilight of Life, The: Words of Counsel and Comfort for the Aged. By 

John Ellerton, M,A xs. 6d. 



Selections from Cassell d& Company*s Publicaiions, 


<B&itcatt0nal Works attk ^tukrnts^ Ji^anuals: 

AgriciUtoral Text-Books, Cassell’s. (The “Downton” Series.) Fully Illustrated 
Edited by John Wrightson, Professor of Asriculttire. 

Soils and Manures. By J. M. H. Munro. D.Sc. (London), F.I.C., F.C.S. as. 6d. 

Farm Oropa. By Professor WiiRhtson. as. 6d. 

Idve Stock. By Professor Wrig-htson. as. 6d. 

Alpliabet, Cs^sell’s IlotoriaL Size, 35 inches by 42^ inches. Mounted on 
Linen, with rollers 3s. 6d. 

Arittunetlo Howard’s Anglo-American Art of Reckoning. The Standard 

Teacher and Referee of Shorthand Business Arithmetic. By C. F. Howard. 
Paper, is. ; cloth, 2s. New Enlarged Edittoftf 5s. 

Aiittunetios, The Modem SchooL By George Ricks, RSc. Lond With Test 

Cards. {List on application.') 

Atlas, Cassell’s Popular. Containing 24 Coloured Maps. 2s. 6d. 
Book-Keeping. By Theodore Jones. For Schools, 2s. ; or cloth, 3s. For 
THE Million, 2s. ; or cloth, 2s. Books for Jones’s System, Ruled Sets of, as. 
Chemistry, The Puhllo SchooL By J. H. Anderson, M.A. 2s. 6d. 

Classical Texts for Schools, Cassell’s. list sent post free on application.) 

Cookery for Schools. By Lizzie Heritage. 6d. 

Copy-Books, Cassell’s Graduated Complete in 18 Books. 2d. each. 
Copy-Books, The Modem SchooL Complete in 12 Books, ad. each. 

Drawing Copies, Cassell’s **New Standard.” Complete in 14 Books. 2d., 3d, 

and 4d. each. 

Drawing Copies, Cassell’s Modem School Freehand First Grade, zs. Second 

Grade, as. 

Electricity, PracUoaL By Prof. W. E. Ayrton. 7s. 6d. 

Unargy and Motion*. A Text-Book of Elementary Mechanioa By William 
Paice, M.A. Illustrated, is. 6d. 

BngMah literature, A First Sketch o( from the Earliest Period to the Present 
Time. Bv Prof. Henry Morley. 7s. 6d. 

Euclid, CasseU’a Edited by Prof. Wallace, M.A. is. 

EucUd, The First Four Books o£ New Edition. In paper, 6d. ; cloth, pd 
French, Cassell’s Lessons in. New and Revised Edition. Parts I. and 11 „ each, 
as. 6d. ; complete, 4s. 6d. Key, xs. 6d. 

French-English and English-French Dictionary. Entirely New and Enlarged 

Edition. 1,150 pafes, 8vo, cloth, 3s. 6d. 

Firench Reader, Cassell’s Public SchooL By Guillaume S. Conrad. 2s. 6d 
Oalhraith and Haughton’s Scientiflc Manuals. 

Plane Trigonoxnetry. ss. 6d. Euolid. Books I.. II.. III. as. 6d. Books IV., V., VI. as. 60. 
Mothema^al Tables. 3s. 6d. Meohanios. 3B. 6d. Natural PliiloBophy. 3s. 6d. Optloe. 
as. 6d. Bydrostatios. ^ 6d. Steam Engine. 3s. 6d. Algebra. 1 , doth, as. 6d. Com- 

plete, 7$.^ Tides and Tidal Currents, wiui Tidal Cards, 3s. 

Oaudeamus. Songs for Colleges and Schools. Edited by John Farmer. 5s. 
Words only, ^per, 6d. ; cloth, 9d. 

Geometry, First mements Of Experimental. By Paul Bert. Illustrated is.6d. 
Geometry, Practical Solid By Major Ross, R.E. 25. 

German Dictlonaiy, Cassell’s New. German-English, English-German. CAeap 

Edition, cloth, 3s. 6d. 

German of To-Day. By Dr. Heinemann. is. 6d. 

German Reading, First Lessons in. ByA.TAGST. Illustrated is. 

Hand-and Eye Training. By G. Ricks, B.Sc. Two Vols., with z6 Coloured 
Plates in each Vol. Crown 4to, 6s. each. 

^Hand-and-Eye TZaining” Cards for Class Work. Five sets in case. zs. each. 
Historical Cartoons, Cassell’s Coloured Size 45 in. x 35 in. 2s. each. Mounted 

on canvas and vami^ed, with rollers, 5s. each. (Descriptive pamphlet, x6 pp., zd.) 

ffistwioal Course for Schools, Cassell'a Illustrated throughout! I.— Btories 
from English History, xs. Il.—The Simple Outline of English History, xs. 3d. 
11 1.—The Class History of England, as. 6d. 

Latin Dictionary, Cassell’s New. (Latin-English and English-Latin), Revised 

by J. R. V. Marchant, M.A., and J. F. Charles, B.A. 3s. 6d. 

Latin Primer, The New. By Piof. J. P. Postgate. ns. 6d 
TAttw Primer, The First. By Prof, postgate. is. 

Latin Prose for Lower FormB. By M. A. Bayfield, M.A. ns. 6d 
Laundry Work (How to Teadh It). By Mrs. £. Lord. 6d. 


Selections from Cassell d& Company* s Publications, 


Laws of Eveiy>Day Life. For the Use of Schools, By H. O. Arnold-Forstbs, 
M.P, IS. 6d. Special Edition on green paper for those with weak eyesight, as. 
Little Folks* History of England. By Isa Cr aig-Knox. Illustrated, is. 6d. 
Making of the Home, The, By Mrs. Samuel A. Barnett, is. 6d. 
Map-Building Series, Cassell’s. Outline Maps prepared by H. O. Arnold- 
Forstbr, M.P. Per set of la, is. 

Marlborough Books; — ^Arlthmetlo Examples. 3S. Aritiimetio Buies, is. 6d. Frenoli 
Exeroiaea. 3s. 6d. Frenoli Ghraumnar. as. 6d. German Grammar. 3s. 6d. 

Mechanics for Young Beginners, A First Book ot By the Rev. J. G. Easton, 
M.A. 4S. 6d. 

Mechanics and Machine Design, Numerical Examples in Practical By 

R. G. Blaine, M.E. With Diagrams. Cloth, as. 6d. 

** Model Joint*' Wall Sheets, for Instruction in Manual Training. By S. 
Barter. Eight Sheets, as. 6d. each. 

Natnral History Coloured Wall Sheets, Cassell’s New. Consisting of z8 
subjects. Size, 39 by 31 in. Mounted on rollers and varnished. 3s. each. 

Otject Lessons from Nature. By Prof. L. C. Miall, F.L.S., F.G.S. Fully 
Illustrated. Half cloth, paper boards, as.; or cloth, as. 6d. 

Physiology for Schools. By Alfred T. Schofield, M.D., M.R.C.S,, Ac, 
With Wood Engravings and Coloured Plates, is. 9d. Three Parts, paper covers, 
5d. each ; or cloth limp, 6d. each. 

Poetry Readers, Cassell’s New. Illustrated. 12 Books, id. each. Cloth, is. 6d. 
Popular Educator, Cassell’s New* With Revised Text, New Maps, New Coloured 
Plates, New Type, &c. Complete in Eight Vols. 5s. each ; or Eight Volumes in 
Four, half-morocco, 50s. 


Reader, The Citlsen. By H. O. Arnold-Forster, M.P. Cloth, is. 6d. ; also a 
Scottish Edition, Cloth, is. 6d. 

Reader, The Temperance. By Rev. J. Dennis Hird. is. 6d. 

Readers, Cassell’s ** Higher Class.” {List on application,) 

Readers, Cassell’s Historical Illustrated, {fist on application^ 

Readers, Cassell’s Readable. Illustrated, fist on aMication.) 

Readers for Infant Schools, Coloured. Three Books. 4d. each. 

Readers, The Modem Oeogxaphical Illustrated throughout fist on application.) 
Readers, The Modem School Illustrated, fist on application.) 

Reading and Spelling Book, Cassell’s Illustrated, is. 

Bound the Empire. By G. R. Parkin. With a Preface by the Rt. Hon. the 
Earl of Rosebery, K.6. Fully Illustrated, is. 6d. , 

School Bank ManuiO, A. By Agnes Lambert. 6d. 

Sdhool Certificates, Cassell'a Three Colours, 6^X4! in., id. ; Five Colours, 
zi| X 9^ in., 3d. ; Seven Colours and Gold, 9I x 6^ in., 3d. 

Science Applied to Work. By J. A. Bower. Illustrated, is. 

Soienoe of Every-Day Life. By J. A. Bower. Illustrated, is. 

Sculpture, A Pzlmer o£ By £. Roscoe Mullins. Illustrated. 2s. 6d. 

Shflum from Models, Common Objects, and Casts of Ornament, How to. By 

W. E. Sparke<;. With 25 Plates by the Author. 3s. 

Shakspere’s Flays for School Use. Illustrated. 5 Books. 6d. each. 

Spelling, A Complete o£ By J. D. Morell, LL.D. is. 

Tedbnical Educator, Cassell’s. Illustrated throughout. New and Revised 
Edition. Four Vols. 5s. each. „ . , 

Teobnloal Manuals, Cassell’s. Illustrated throughout. z6 Vols., from 2s. to 4s. 6(L 


fist free on application.) 

Technology, Hffnininin o£ Edited bv Prof. Ayrton, F.R.S., 

WoRMEtx, D.Sc., M.A Illustrated throughout 


and Richard 


The Dyeing of Textile Fabrloe. By Prot. 
HummeL 5s, 

Wetoh and Olook Making. By D. Glasgow, 
Vice-President ot the British Hordogical 
Institute. 4a ^ 

Steel and Xron. By ProC W. H. Greenwood, 
F.C.S..M. 1 .C.E..Ac. 5a 


Design in Textile Fabrios. By T. R. Athao- 
hurst 4s. 6d. 

Spinning WooUen and Wonted. By W. 

sTMcLaren. M.P. 4a 6d. 

Praotioal Meohantos. By Prof. Perry, If.E. 

Ou^ng Tools Worked by Hand and Ma- 
By Prof. Smith. 3s. 6d. 


Tmt Cards, Cassell’s Combination. In sets, za each. 

That Cards, Cassell’s Modem Bohool. In seta la each. 

World of Ours, This. ByH. O. Arnold-Forster, M.P. Fully Illustrated. 3a 6d. 




Selections from Cassell Company's Puhlicaiions, 


IBaoka far ^ottng |Pro|Tlr. 

'^Little F61k8** Half-Yearly volume. Containing 432 pages of Letterpress, with 
Pictures on nearly every page, together with Two FuIl-paM Plates printed in Colours 
and Four Tinted Plates. CcMoured boards, 38. 6d. ; or cloth gilt, gilt edges, 58. 
Bo-Peep. A Book for the Ottle Ones. With Original Stories and Verses. 
Illustrated with beautiful Pictures on nearly every page, and Coloured Frontispiece. 
Yearly Volume. Elegant picture boards, ss. 6d. ; cloth, 3s. 6d. 

Baahlul PlfteexL By L. T. Meade. Illustrated. 3s. 6d. 

Peep of Day. Cassell’s Illustrated Edition. 2s. 6d. 

Haggle Stipe’s Diary. By E. A. Dillwyn. 2s. 6d. 

A Bundle of Tales. By Maggie Browne, Sam Browne, & Aunt Ethel. 35.6d. 
PUry Tales in Other Landa By J ulia Goddard. Illustrated. 3s. 6d. 

Story Poems for Young and Old. By E. Davenport. 6s. 

Pleasant Work for Busy Pingers. By Maggie Browne. Illustrated. 5s. 
Bom a King. Bv Frances and Mary Arnold-Forster. Illustrated, is. 
The Marvellous Budget: Being 60,636 Stories of Jaok ahd Jill. By the 

Rev. F. Bennett. Illustrated. Cloth gilt, ss. 6d. 

Kagio at Home. By Prof. Hoffman. Fully Illustrated. A Series of easy 
and startling ConjuringTricks for Beginners. Cloth gilt, 5s. 

Sdboolroom and Home Theatricals. By Arthur Waugh. With Illustra- 
tions by H. A. J. Miles. Cloth, as. 6d. 

Little Mother Bunch. By Mrs. Molesworth. Illustrated. Cloth, 3s. 6d. 
Heroea of Every-Day life. By Laura Lane. With about 20 Full-page 

Illustrations. 256 pages, crown 8vo, cloth, as. 6d. 

Ships, Sailors, and the Sea. By R. J. Cornewall-Jones. Illustrated 
throughout, and containing a Coloured Plate of Naval Flags. Cheap EiUHon^ as. 6d. 

The ^^es of the Sixty Mandarlna By P. V. Ramaswami Raju. 5s. 

Cttft Books for Young People. By Popular Authors. With Four Original 

Illustrations in each. Cloth gilt, is. 6d. each. 

The Boy Hunters of Xantuoky. “ “ ‘ 

Edward S. EUis. 


By 


Bad Feather: a Tale of the Amerioan 
Frontier. By Edward S. Ellis. 

Fritters ; or. ** Zt*s a Xrong Lane that has 
no Tumizxg.** 

Trixy ; or, ** Those who Idve in Qlass 
Houses shouldn't throw Stones.** 

The Two Hardoastles. 

Seeking a City. 

Bhodae Be ward. 


Jaok BCarston's Anohor. 

Frank's Life-Battle. 

Major Monk's Motto; or, **Look Before 
yon leap.** 

Tizn Thomson's Trial; or, "All is not Gold 
that Gutters." 

Ursula's Stumbling-Block. 

Ruth's Life-Work; or,**No Pains, no Gsins." 
Basrs and Beinbows. 

Uncle WiUlam's Charge. 

Pretty Pink’s Purpose. 

** Golden Mottoes" Series, The. Each Book containing 208 pages, with Four 

full-page Original Illustrations. Crown 8vo, cloth gilt, as. each. 

"Nil Desperandum." By die Rev. F. Lang- I "Honour is my Guide." By Jesnie Heriitg 
bridge. M. A. (Mrs. Adams-Acton). 

**vio«i* VnT*'hAa.t> ** Rv ^n.rah Pitt. I ** Aim at a SuTS Bn dL" By Emily Searchfield. 

Bear and Forbear. By Sarah Pitt. j ^ Conquers who Endures.*' By the Audior 

"Foremost if I Can." By Helen Atteridge. | of ** May Cunningham's Trial, " dec. 

** Cross and Crown " Sc^es, The. With Four Illustrations in each Book. Crown 

8vo, 356 pages, as. 6d. each. 

By Fire and Sword; a Story of the Hugue- 
nots. By Thomas Archer. 

Adam Hepburn’s Vow ; A Tale of Kirk and 
Covenant. By Annie S. Swan. 

No. Kin.; o]^the Story of the Lost VestaL 
A Tale of Early Christian Days. By Himna 
Marshall 

Freedom’s Sword; A Story of the Days of 
Wallaoe and Bruoe. By Annie S. Swan. 

nve Shming Books for Young People. With Original Illustrations. Cloth 


s of the Indian Empire ; or. Stories of 

Valour and Victory. By Ernest Foster. 
Tlirough Trial to Triumph; or, "The 
Boyal Way." By Madeline Bona via Hunt. 
In Letters of Flame ; A Story of the 
Waldenses. ByC. L. Matdaux. 
atrong to Suffer; A Story of the Jews. By 
E. wsTine. 


gilL 5 s. each. 

Under Bayard’s Baxmer. By Henry Frith. i 
0.he Chanraion of Odin; or. Vikixig Life I 
in the Dasrs of Old. By J. Fred. Hodgetts. I 


Bound by a Spell; or, the Hunted Witch 
of the Forest. By the Hon. Mrs. Greene. 


Albums for Children. Price 3s. 6d. each. 

-Piav I Album of Animsls. lUustrated. 

I Picture Album of All Sorts. Illustrated. 

** Wanted— a KDig" Series. Illustrated. 3s. 6d. each. 

Robin's Bide. By EUinor Davenport Adams, i Wanted— a King; or. How Merle set the 
— — . ^ J gy Georgina M. I Nursery Rhymes to Bights. By Maggie 


Great - Grandmamma. 
SyngBb 


Browne. 




Selections from Cassell dfe Company's Publications, 


Crown Svo Lilirary. Cheap Editions, 

Bambles Hound Xiondon. By C. L. 
Matteux. Illustrated. 

Around and About Old Suffland. By C 
L. Mattfaux. Illustrated. 

Pawa and Claws. By one of the Authors of 
Poems Written for a Child." Illustrated. 
Heoisive Hvents in SUstory. By Thomas 
Archer. With Original Illustrations. 

Tbe True Hobinson Orusoes. Cloth 
Peeps Abroad for Polks at Home, illus- 
trated throughout. 


2S. 6(L each. 

Wnd Adventures In Wild Plaoee. By Dm 
Gordon Stables, R.N. Illustrated. 

Modem Hxplorers. By Thomas Frost. lUss- 
trated. New and ckeajear EdtHon, 

Barly Hrplorers. By Thomas Frost 

Home (Biat with our Young PoBca. Dins- 
trated throughout 

Jungle, Peak, and Plain. Illustrated 
woughout 

The Bngland of Shakespeare. By EL 
Goadby. With Full-page Uustradona. 


Three and Sixpenny BooIcb for Tonx^ People, With Original llluatTatioii& 

Cloth gilt, 38. 6d. each. 

The King's Command. A Story for CHrls. 

By Mageie Symington. 

A Sweet Qirl Graduate. ^ L. T. Meade. 

The White House at Inch Glow. By Sarah 
Pitt 

Xiost in Samoa. A Tale of Adventure in the 
Navigator Islands. By E. S. Elbs. 

Twy^ or^JOetting Bven" with Him. By 


Polly. By L. T. Meade. 

The Palaoe Beautifta. By L. T. Meeds. 
••Pollow my Xieader.** 

For Fortune and Glory. 

The Cost of a Mistake. By Sarah Pitt 
X^oet among White Afirioans. 

A World of Girls. By L. T. Meade. 


Books by Edward 8. Ellis. Illustrated. Cloth, 2s. 6d. each. 


The Hunters of the Osark. 
The Camp in the Moun- 


Ked in the Woods. A Tale 
of Early Days in the West 
Down the Mississippi. 

Sixpenny Story Books. 

The Smuggler's Cave. 
Xiittle Xiisiae.' 

The Boat Club. 

XiUke Bamioott 


The Last War Trail. 

Ned on the Biver. A Tale 
of Indian River Warfare. 
Footprlnte in the Forest. 
Up the Tapajos. 


By well-known Writers. 

Xdttle Bird. 

Xiittle Ploklee. _ , 
The Bloheeter College 
Boys. 


All 


Ned in the Blook 

A Story of Pioneer use le 
KentucW. 

The XiOst Tran. 

Camp-Fire and Wigwam. 
Xioet in the Wilds. 

Illustrated. 

My First Cruise. 

The Xiittle Peaoemakcdt 
The Delft Jug. 


Cassell's Picture Story Books. Each containing 60 pages. 6d. each. 

Auntie's Stories. 
Birdie's Story Book. 
Xiittle Chimes. 

A Sheaf of Tales. 
Dewdrop Storied. 


Little Talks. 
Bright Stars. 
Nursery Joys. 
Pet's Posy. 
Tiny Tales. 


ory Book, 
y Book. 


Daisy's Btoi 
Dot's Story „ 

A Nest of Stories. 

Good Night Stories. 

Chats Ibr Small CBiatterers. 


niuBtrated Books for the Little Ones. 

Illustrated, is. each ; or cloth gilt, is. 6d. 
Firelight Stories. i Dimb Frlen<^ 

Sunlight and Shade. Indoors and^t. 

Hub-apdub Tales. I Some Farm Friends. 

Fine Feathers and Fluliy 
Fur. 

Scrambles and Scrapes. 

Tittle Tattle Tales. 


Containing interesting Stories. AD 


Those Golden Sands. 
Xiittle Mothers and their 
Children. 

Our Pretty Pets. 
Wandering Ways. 


Our Bohoolday HouMk 
Creatures Tame. 
Creatures Wild. 

Up and Down the C 

All Sorts ot Advent uw 
Our Sunday Stories. 

Our Holidi^ Honrs. 


ghiinug Stoxy Books. All Illustrated, and containing Interesting Stories. 


Seventeen Cate. 

Bunty and the Bosrs. 

The Heir of Blmdale. _ 
The Mystery at Shonolilf 
SohooL ^ ^ 

Claimed at Xiast, and Hoy's 
Howard. _ 

Thoms and Tangles. 


The Cuckoo in the Hobin's 
John's Mistake. CX^est, 
Diamonds In Uw Sand. 
Surly Bob. 

The jEOstory of Five XiitUe 
Pltohers. 

The Giant’s Cradle. 

Shag and Doll. 


Aunt Luoia's Xiookefe. 
The Ma^o If 

The Ooet of 1 

Clever Frank. 

Amo^ the Redskins. 
The Berryman of BcflL 
Harry MaacwalL 
A Banished Monamih. 


••Iilttle Folks'* Painting Books. With Text, and Outline Illustrations for 

Water-Colour Painting, is. each. 

Fruits and Blossoms for "Xiittle Folks" I The "XiltUe Folks" 
to Paint. I Book. Cbtb only, sa 

The "Xiittle Folks" DlnmlnaUng Book. 


Proverb Palnllag 


Elghteenpenny Story Books. All Illustrated throughout 


Wee Willie Winkie. 

Ups and Downs of a jjon- 
fce.v's Li(e._ 

Three Wee Ulster Xiossies. 
Up the Xisddw. ^ ^ 

Diok's Hero ; ft other Stories. 
Tbe Chip Boy. 


Baggies, Baggies, and the 
Bmperor. _ 

Hoses from Thoms. 

Faith's Father. 

Xisnd and Sea. 

Young Berringtona. 


Tom Morris's Brror. 

Worth more than G 
" Through Flood— X 
Fire.” 

TXie Girl with the Ooldea 
Xiooks. 

Stories of the Olden Ttme. 


Selections from Cassell Company* s Publications, 


me "World in Pictures” Series. 

A Uamble Bound France. 

All the Bussias. 

Ghats about Oermany. 

The Ijand of the Pyramids (Bgypt). 
Peeps into China. 


Illustrated throughout 2 s. 6d. each. 

The Eastern Wonderland (Japan). 
G-limpses of South America. 
Bound Afnoa. 

The liand of Temples (India). 

The Isles of the Paoiflo. 


Cheap Editions of Popular Volumes for Toimg People. Illustrated. 2 s. 6d. 

each. 


In Quest of Gholdj or. Under 
the Whan^a FaUs. 

On Board the Esmeralda : ex t 
Martin Iieigh's IjOg. 


The Bomanoe of Invention : 
Vtjpiettes from the Annals of 
Industiy and Science. 

Esther wesc. 

Three Homes. 


For Queen and King. 
Worlttng to Win. 

Perils Afloat and Brigands 
Ashore. 


Two-Shllling Story Books. 

Stories of the Tower. 

Mr. Burke’s Nieces. 

May Cunningham’s Trial. 
The Top of the liadder: 

How to Beach it. 

Iiittle Flotsam. 

Madge and her Friends. 

Half-Crown Story Books. 


All Illustrated. 

The Children of the Court. 
A Moonbeam Tangle. 

Maid Marjory. 

The Four Cats of the Tip- 
pertons 

Marion’s Two Homes. 
Iiittle Folks' Sunday Book. | 
School Qirls. 


Two Fourpenny Bits. 
Poor Nelly. 

Tom Henot. 

Aunt Tabitha’s Waifs. 

In Mischief Agsun. 
Through Peril to Fortune, 
^egffy* other Tales 


Iiittle Hinges. 

Margaret’s Enemy. 

Pen’s Perole^nties. 

Notable Shipwrecks. 

Golden Days. 

Wonders of Common Things. 


At the South Pole. 

Truth will Out. 

Pictures of School Ijife and Boyhood. 

The Young Man in the Battle of liife. By 
the Rev. Dr. Landels. 

Soldier and Patriot (George Washington). 


Cassell’s Pictorial Scrap Book. 

cloth back, 3s. 6d. per Vol. 

Our Scrap Book. 

The Seaside Scrap Book. 

The Iiittle Polks’ Scrap Book. 


In Six Sectional Volumes. Paper boards, 

I The Magpie Scrap Book. 

The Lion Scrap Book. 

The Elephant Scrap Book. 


Library of Wonders. Illustrated Gift-books for Boys. Cloth, is. 6cL 

Wonderful Adventures. ( Wonders of Bodily Strength and SkilL 

Wonaerful Balloon Ascents. I Wonderful Escapes. 

Wonders of Animal Instinct. 


Books lor the Little Ones. Fully Illustrated. 


Bhymes for the Young Folk. By William 
Allingham. Beautifully Illustrated. 3s. 6d. 

The Sunday Scrap Book. With Several 
Hundred Illustrations. Boards, 3s. 6d. ; cloth, 
gilt edges, 5s. 

The HListory Scrap Book. With nearly 
i,ocM3 Engravings. 55. ; cloth, 7s. 6d. 

Cassell’s Bobinson Crusoe. With too 
Illustrations. Cloth, 3s. 6d. ; gilt edges, 5s. 


Fairy Tales. Illustrated. 3s. 6d 

The Old Fairy Tales. With Original Illus- 
trations. Boards, is. ; doth, zs. 6d. 

My Diary. With Twelve Coloured Plates and 
366 Woodcuts. IS. 

The Pilgrim’s Progress. With Coloured 
Illustrations, as. 6d. 

Cassell’s Swiss Family Bobinson. Illus- 
trated. Clot!., 3s. 6d. ; gilt edges, 5s. 


The World’s Workers. A Series of New and Original Volumes by Popular 
Authors. With Portraits printed on a tint as Frontispiece, is each. 


Charles Haddon Spurgeon. By G. Holden 
Pike. 

Dr. Arnold of Bugby. By Rose E. Selfc. 
The Earl of Shaftesbury 

B^obinson, Agnes Weston, and Mrs. 
Meredith. ^ _ 

Thomas A. Edison and Samuel F. B. 
Morse. 

Mrs. Somerville and Mary Carpenter. 
General Gordon. 

Charles Dickens. 

ITorenoe Nightingale, Catherine Marsh, 
Frances Bidley Havergal, Mrs. Ban- 
yard (”L. N. B.**). 


Dr. Guthrie, Father Mathew, EUhu Bur- 
ntt, Joseph Livesey. 

Sir Henry Havelock and Colin Campbell 
Lord Clyde. 

Abraham Lincoln. 

David Livingstone. 

George Muller and Andrew Beed. 
Biohard Cobden. 

Benjamin Franklin. 

BLandel. 

Turner the Artist. 

George and Bobert Stephenson. 

Sir Titus Salt and George Moore. 


YAf afiptfe lEorJks {excluding Biohard Cobden and C. H. Spurgeon) can also be had Three tn 
One Vol,, cloth,g%U ences, js. 


CASSELL ds COMPANY^ Limited, Lud^ate Hill, Lonuon ; 
Parts ds Melbourne. 
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lessrs. laciilliut k Go.'s Science forks. 

NEW & STANDARD WORKS FOR CHEMICAL STUDENTS 

BY SIR HENRY ROSCOE AND PROFESSOR SCHORL.EMMER. 

A COMPLETE TREATISE ON INORGANIC AND ORGANIC 
CHEMISTRY. By Sir Henry E. Roscob, F.R.S., and Professor C. Schorlemmer, 
F.R.S. 8vo. 

VoLs. I. and II. Inorganic Chemistry. Vol. I. The Non-Metallic Elements. 
Second Edition, Revised, ars. Vol. II. Part I. Metals, i8s. Vof . II. Part II. 
Metals. New and thoroughly Revised Edition, i8s. Vol. III. Organic 
Chemistry. The Chemistry of the Hydrocarbons and their Derivatives, or 
Organic Chemistry. With numerous Illustrations. Five Parts. Parts I., II. 
(New and thoroughly Revised Edition), and IV., 21s. each. Parts III, and 
V., 18s. each. Part Vl., 21s. 

ACADEMy.-^*‘The finest treatise on systematic chemistry in the language.” 

WORKS ON CHEMISTRY BY SIR HENRY E. ROSCOE, F.R.S. 

PRIMER OF CHEMISTRY. Illustrated. With Questions i8mo, is. 

[Science Printers, 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC AND 

ORGANIC. With Illustrations and Chromo-lithd of the Solar Spectrum, and of the 
Alkalies and Alkaline Earths. Sixth Edition, thoroughly revised. Fcap. 8vo, 4s. 6d. 
BY SIR HENRY ROSCOE. F.R.S., AND PROFESSOR SCHUSTER, F.R.S. 

SPECTRUM ANALYSIS. Lectures delivered in 1868. By Sir Henry 

Roscoe, F.R.S. Fourth Edition, Revised and considerably Enlarged by the Author 
and by A. Schuster, F.R.S , Ph.D. 8vo, 21s. 

WITH A PREFACE BY SIR HENRY ROSCOE, F.R.S. 

A SERIES OF CHEMICAL PROBLEMS. With Key. For Use in Col- 
leges and Schools. By T. E. Thorpe, B.Sc. (Viet.), Ph.D., F.R.S. Revised and 
Enlarged by W. Tate, Assoc. N S.S. (Honours), F.C.S. With Preface by Sir H. E. 
Roscoe, B.A., Ph.D., F.R.S., M.P. New Edition. Fcap. 8vo, 2s. 

CHEMICAL THEORY FOR BEGINNERS. By L. Dobbin, Ph.D, 

and Tas. Walker, Ph.D., Assistants in the Chemistry Department, University of 
Edinburgh. i8mo. 2s. 6d. 

METHODS OF GAS ANALYSIS. By Dr. Walther Hempel, Professor 

of Chemistry, the Dresden Polytechnicum. Translated by R. M. Dennis. Crown 
8vo, 7s 6d. 

ENGLISH TRANSLATION OF MEYER’S HISTORY OF CHEMISTRY. 

A HISTORY OF CHEMISTRY from the Earliest Times to the Present 

Day. Being also an Introduction to the Study of the Science. By Ernst Von 
Meyer, Ph.D, Translated with the Author’s sanction by George McGowan, Ph.D. 
8vo, cloth, 14s. net. 

SPEAKER,— K standard bexjk on the subject.” 5‘C07'5 A/.-/jV--‘* Admirable in every way.” 
PROF. OSTWALD'S NEW WORK ON PHYSICAL AND THEORETICAL CHEMISTRY. 

OUTLINES OF GENERAL CHEMISTRY. By Wjlhelm Ostwald. 

Translated, with the Author's sanction, by James Walker, D.Sc., Ph.D., Assistant 
in the Chemical Department, University of Edinburgh. Demy 8vo, los. net. 
ACADEMY,— " PlW these subjects are handled with masterly clearness.’’^ 

ELEMENTS OF CHEMICAL PHYSICS. By Josiah P. Cooke, Pro- 
fessor of Chemistry and Mineralogy in Harvard University. 8vo, 21s. 

BLOWPIPE ANALYSIS, By J. Landauer. Authorised Translation. 

By J. Taylor, B.Sc. New Edition, thoroughly revised, globe 8vo, 4s. 6d. 

THE CHEMISTRY OF THE SUN. By J, Norman Lockyer, F.R.S. 

Illustrated. 8vo, 145. 

THE ELEMENTS OF THERMAL CHEMISTRY. By M.M. P. Muir, 

P.R.S.E, ; assisted by D, M. Wilson. 8vo, 12s, 6d. 

A HISTORY OF CHEMICAL THEORY. By Ad. Wurtz. Translated 

by Henry Watts, F.R.S. Crown 8vo, 6s. 

MACMILLAN & CO., LONDpN. 
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ADVERTISEMENTS. 


Messrs. Macmillaii & Go.'s Scienee forks. 

STANDARD WORKS ON BIOLOGY. 

A TEXT-BOOK OF THE PHYSIOLOGICAL CHEMISTRY OF THE 
ANIMAL BODY. By A. Gamgee, M.D.. F.R.S. 8vo. Vol. 1 . i8s. Vol. II.— 
THE DIGESTIVE PROCESSES. ^Immediately. 

BY PROFESSOR T. H. HUXLEY. F.R.S. 

INTRODUCTORY PRIMER OF SCIENCE. i8mo, is. 

LESSONS IN ELEMENTARY PHYSIOLOGY. Illustrated. Fcap. 

8vo, 4S. 6d. QUESTIONS. By T. Alcock, M.D. iSmo. xs. 6d. 

BY PROFESSORS HUXLEY AND MARTIN. 

A COURSE OF PRACTICAL INSTRUCTION IN ELEMENTARY 

BIOLOGY. By Professor T. H. Huxley, F.R.S., assisted by H. N. Martin, 

F. R.S. Revised and extended by G. B. Howes and D, H. Scott, Ph.D. With a 
Preface by T. H. Huxley, F.R.S. Crown 8vo, xos. 6d. 

BY W. H. FLOWER, F.R.S., AND DR HANS GADOW. 

AN INTRODUCTION TO THE OSTEOLOGY OF THE MAM- 
MALIA. By W. H. Flower, F.R.S. Illustrated. Third Edition. Revised with 
the assistance of Hans Gadow, Ph.D. Crown 8vo, xos. 6d. 

BY PROFESSOR G. B. HOWES. 

AN ATLAS OF PRACTICAL ELEMENTARY BIOLOGY. By 

G. B. Howes. With a Preface by Professor T. H. Huxley, F.R.S. 4to, 14s. 

BY MICHAEL FOSTER, M.D. 

PRIMER OF PHYSIOLOGY. Illustrated. i8mo, is. 

A TEXT-BOOK OF PHYSIOLOGY. Illustrated. Sixth Edition, 

largely revised. 8vo. Part I. comprising Book I, Blood — The Tissues of Move- 
ment, The Vascular Mechanism. los. 6d. Part II. comprising Book II. The 
Tissues of Chemical Action, with their respective Mechanisms — Nutrition, xos. 6d. 
Part III. The Central Nervous System. 7s. 6d. Part IV, comprising the remairder 
of Book III. The Senses and Some Special Mu.scular Mechanism.s, and Book IV. 
The Tissues and Mechanisms of Reproduction, xos 6d. Appendix. The Chemical 
Basis of the Animal Body. By A. Sheridan Lea, M.A., D.Sc., F.R.S. 7s. 6d. 

BY PROFESSORS MICHAEL FOSTER AND F. M. BALFOUR. 

THE ELEMENTS OF EMBRYOLOGY. By Professor Michaf.l 

Foster, M.D., and the late F. M. Balfour, F.R.S. Second Edition, revised. 
Edited by A. Sedgwick, M.A., and W. Heape, M. A. Illustrated. Crown 8vo,xos, 6d. 
BY PROFESSOR MICHAEL FOSTER AND J. N. LANGLEY. 

A COURSE OF ELEMENTARY PRACTICAL PHYSIOLOGY AND 
HISl'OLOGY. By Professor Michael Foster, M.D., and J. N. Langley, F.R.S. 
Sixth Edition. Crown 8vo, 7s. 6d. 

WITH PREFACE BY PROFESSOR ERNST HAECKEL. 

A lEXT-BOOK OF COMPARATIVE ANATOMY. By Dr. Arnold 

Lang, I^ofessor of Zoology in the University of Zurich. With Preface to the English 
Translation by Professor Dr. Ernst Haeckei. Translated into English by Henry 
M. Bernard, M.A., Cantab., and Matilda Bernard. Part I. 8vo, 17s. net. 
iiCOTSMAN. — “ The version will at once take its place in the front rank among scientific text-books.” 

, ^ by PROFESSOR JEFFERY PARKER. 

LESSONS IN ELEMENTARY BIOLOGY. By T. Jeffery Parker, 

B.Sc., F.R S. Illustrated. Crown 8vo, los. 6d. 

Prof. Ray Lankester m NATURE — *' Extremely well-written, well-considered, and originaL” 
a ALFRED RUSSEL WALLACE, LL.D. 

DARWINISM : An Exposition of the Theory of Natural Selection. Third 

Edition. Crown 8vo, 9s. 

BOTAISHOAL WORKS. 

A COURSE OF PRACTICAL INSTRUCTION IN BOTANY. By 

F. O. Bowkr, D.Sc., F. R.S., Regius Professor of Botany in the University of Glasgow. 
Crown 8vo, xos 6d, 

THE FERTILISATION OF FLOWERS. By Hermann Muller, 

Translated by D*Arcy W. Thompson, B.A., Professor of Biology in Univereity Col- 
lege, Dundee. Preface by C. Darwin, F.R.S. Illustrated. 8vo, ais. 


MA9MILLAN & CO., LONDON. 
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